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ABSTRACT	 ﾠ 32	 ﾠ
Few	 ﾠ studies	 ﾠ have	 ﾠ directly	 ﾠ measured	 ﾠ sulfate	 ﾠ reduction	 ﾠ at	 ﾠ hydrothermal	 ﾠ vents,	 ﾠ and	 ﾠ 33	 ﾠ
relatively	 ﾠ little	 ﾠ is	 ﾠ known	 ﾠ about	 ﾠ how	 ﾠ environmental	 ﾠ or	 ﾠ ecological	 ﾠ factors	 ﾠ influence	 ﾠ rates	 ﾠ of	 ﾠ 34	 ﾠ
sulfate	 ﾠreduction	 ﾠin	 ﾠvent	 ﾠenvironments.	 ﾠA	 ﾠbetter	 ﾠunderstanding	 ﾠof	 ﾠmicrobially	 ﾠmediated	 ﾠsulfate	 ﾠ 35	 ﾠ
reduction	 ﾠ in	 ﾠ hydrothermal	 ﾠ vent	 ﾠ ecosystems	 ﾠ may	 ﾠ be	 ﾠ achieved	 ﾠ by	 ﾠ integrating	 ﾠ ecological	 ﾠ and	 ﾠ 36	 ﾠ
geochemical	 ﾠdata	 ﾠwith	 ﾠmetabolic	 ﾠrate	 ﾠmeasurements.	 ﾠHere	 ﾠwe	 ﾠpresent	 ﾠrates	 ﾠof	 ﾠmicrobially	 ﾠ 37	 ﾠ
mediated	 ﾠsulfate	 ﾠreduction	 ﾠfrom	 ﾠthree	 ﾠdistinct	 ﾠhydrothermal	 ﾠvents	 ﾠin	 ﾠthe	 ﾠMiddle	 ﾠValley	 ﾠvent	 ﾠ 38	 ﾠ
field	 ﾠalong	 ﾠthe	 ﾠJuan	 ﾠde	 ﾠFuca	 ﾠRidge,	 ﾠas	 ﾠwell	 ﾠas	 ﾠassessments	 ﾠof	 ﾠbacterial	 ﾠand	 ﾠarchaeal	 ﾠdiversity,	 ﾠ 39	 ﾠ
estimates	 ﾠof	 ﾠtotal	 ﾠbiomass	 ﾠand	 ﾠthe	 ﾠabundance	 ﾠof	 ﾠfunctional	 ﾠgenes	 ﾠrelated	 ﾠto	 ﾠsulfate	 ﾠreduction,	 ﾠ 40	 ﾠ
and	 ﾠin	 ﾠsitu	 ﾠgeochemistry.	 ﾠMaximum	 ﾠrates	 ﾠof	 ﾠsulfate	 ﾠreduction	 ﾠoccurred	 ﾠat	 ﾠ90°C	 ﾠin	 ﾠall	 ﾠthree	 ﾠ 41	 ﾠ
deposits.	 ﾠ Pyrosequencing	 ﾠ and	 ﾠ functional	 ﾠ gene	 ﾠ abundance	 ﾠ data	 ﾠ reveal	 ﾠ differences	 ﾠ in	 ﾠ both	 ﾠ 42	 ﾠ
biomass	 ﾠand	 ﾠcommunity	 ﾠcomposition	 ﾠamong	 ﾠsites,	 ﾠincluding	 ﾠdifferences	 ﾠin	 ﾠthe	 ﾠabundance	 ﾠof	 ﾠ 43	 ﾠ
known	 ﾠ sulfate	 ﾠ reducing	 ﾠ bacteria.	 ﾠ The	 ﾠ abundance	 ﾠ of	 ﾠ sequences	 ﾠ for	 ﾠ Thermodesulfovibro-ﾭ‐like	 ﾠ 44	 ﾠ
organisms	 ﾠ and	 ﾠ higher	 ﾠ sulfate	 ﾠ reduction	 ﾠ rates	 ﾠ at	 ﾠ elevated	 ﾠ temperatures,	 ﾠ suggests	 ﾠ that	 ﾠ 45	 ﾠ
Thermodesulfovibro-ﾭ‐like	 ﾠ organisms	 ﾠ may	 ﾠ play	 ﾠ a	 ﾠ role	 ﾠ in	 ﾠ sulfate	 ﾠ reduction	 ﾠ in	 ﾠ warmer	 ﾠ 46	 ﾠ
environments.	 ﾠThe	 ﾠrates	 ﾠof	 ﾠsulfate	 ﾠreduction	 ﾠpresented	 ﾠhere	 ﾠsuggest	 ﾠthat	 ﾠ-ﾭ‐	 ﾠwithin	 ﾠanaerobic	 ﾠ 47	 ﾠ
niches	 ﾠof	 ﾠhydrothermal	 ﾠdeposits	 ﾠ-ﾭ‐	 ﾠheterotrophic	 ﾠsulfate	 ﾠreduction	 ﾠmay	 ﾠbe	 ﾠquite	 ﾠcommon	 ﾠand	 ﾠ 48	 ﾠ
can	 ﾠcontribute	 ﾠto	 ﾠsecondary	 ﾠproductivity,	 ﾠunderscoring	 ﾠthe	 ﾠpotential	 ﾠrole	 ﾠof	 ﾠthis	 ﾠprocess	 ﾠin	 ﾠboth	 ﾠ 49	 ﾠ
sulfur	 ﾠand	 ﾠcarbon	 ﾠcycling	 ﾠat	 ﾠvents.	 ﾠ	 ﾠ 50	 ﾠ
Keywords:	 ﾠHydrothermal	 ﾠVent/Microbial	 ﾠEcology/Primary	 ﾠproductivity/Sulfate	 ﾠReduction	 ﾠ	 ﾠ 51	 ﾠ
Subject	 ﾠCategory:	 ﾠGeomicrobiology	 ﾠand	 ﾠmicrobial	 ﾠcontributions	 ﾠto	 ﾠgeochemical	 ﾠcycles	 ﾠ 52	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53	 ﾠ3	 ﾠ
	 ﾠ
INTRODUCTION	 ﾠ 54	 ﾠ
	 ﾠ Deep	 ﾠsea	 ﾠhydrothermal	 ﾠvent	 ﾠecosystems	 ﾠare	 ﾠcomplex	 ﾠdynamic	 ﾠhabitats	 ﾠcharacterized	 ﾠby	 ﾠ 55	 ﾠ
steep	 ﾠgradients	 ﾠin	 ﾠtemperature	 ﾠand	 ﾠgeochemistry	 ﾠ(Jannasch	 ﾠ&	 ﾠMottl,	 ﾠ1985). In	 ﾠthese	 ﾠhabitats,	 ﾠ 56	 ﾠ
as	 ﾠhot	 ﾠhydrothermal	 ﾠfluid	 ﾠmixes	 ﾠwith	 ﾠcold	 ﾠseawater,	 ﾠthe	 ﾠprecipitation	 ﾠof	 ﾠminerals	 ﾠcreates	 ﾠlarge	 ﾠ 57	 ﾠ
and	 ﾠcomplex	 ﾠhydrothermal	 ﾠchimney	 ﾠdeposits.	 ﾠWithin	 ﾠthese	 ﾠpermeable	 ﾠmineral	 ﾠstructures,	 ﾠthe	 ﾠ 58	 ﾠ
continued	 ﾠmixing	 ﾠof	 ﾠchemically	 ﾠreduced,	 ﾠvent-ﾭ‐derived	 ﾠfluids	 ﾠand	 ﾠoxidized	 ﾠseawater	 ﾠprovides	 ﾠ 59	 ﾠ
favorable	 ﾠconditions	 ﾠthat	 ﾠsupport	 ﾠthe	 ﾠgrowth	 ﾠof	 ﾠendolithic	 ﾠmicrobial	 ﾠcommunities	 ﾠ(Schrenk	 ﾠet	 ﾠ 60	 ﾠ
al.	 ﾠ2003)	 ﾠ 61	 ﾠ
	 ﾠ Sulfide	 ﾠ oxidation	 ﾠ is	 ﾠ considered	 ﾠ to	 ﾠ be	 ﾠ one	 ﾠ of	 ﾠ the	 ﾠ most	 ﾠ important	 ﾠ microbial	 ﾠ 62	 ﾠ
chemosynthetic	 ﾠpathways	 ﾠat	 ﾠridge	 ﾠecosystems,	 ﾠas	 ﾠevidenced	 ﾠby	 ﾠthe	 ﾠubiquity	 ﾠof	 ﾠsulfide	 ﾠoxidizing	 ﾠ 63	 ﾠ
Epsilon-ﾭ‐	 ﾠand	 ﾠGammaproteobacteria	 ﾠat	 ﾠridge	 ﾠenvironments	 ﾠ(Nakagawa	 ﾠet	 ﾠal.	 ﾠ2004;	 ﾠHuber	 ﾠet	 ﾠal.	 ﾠ 64	 ﾠ
2007;	 ﾠ Nakagawa	 ﾠ &	 ﾠ Takai,	 ﾠ 2008;	 ﾠ Nakagawa	 ﾠ et	 ﾠ al.	 ﾠ 2005;	 ﾠ Campbell	 ﾠ et	 ﾠ al.	 ﾠ 2006).	 ﾠ To	 ﾠ date,	 ﾠ 65	 ﾠ
significantly	 ﾠless	 ﾠattention	 ﾠhas	 ﾠbeen	 ﾠpaid	 ﾠto	 ﾠthe	 ﾠdistribution	 ﾠand	 ﾠmagnitude	 ﾠof	 ﾠsulfate	 ﾠreduction	 ﾠ 66	 ﾠ
at	 ﾠvents,	 ﾠthough	 ﾠsulfate	 ﾠreducing	 ﾠbacteria	 ﾠand	 ﾠarchaea	 ﾠhave	 ﾠfrequently	 ﾠbeen	 ﾠisolated	 ﾠfrom	 ﾠdeep	 ﾠ 67	 ﾠ
sea	 ﾠhydrothermal	 ﾠenvironments	 ﾠ(Houghton	 ﾠet	 ﾠal.	 ﾠ2007;	 ﾠAudiffrin	 ﾠet	 ﾠal.	 ﾠ2003;	 ﾠAlazard	 ﾠet	 ﾠal.	 ﾠ 68	 ﾠ
2003;	 ﾠJannasch	 ﾠet	 ﾠal.	 ﾠ1988;	 ﾠBlöchl	 ﾠet	 ﾠal.	 ﾠ1997).	 ﾠMoreover,	 ﾠanalyses	 ﾠof	 ﾠfunctional	 ﾠgenes	 ﾠthat	 ﾠ 69	 ﾠ
express	 ﾠkey	 ﾠproteins	 ﾠrequired	 ﾠfor	 ﾠsulfate	 ﾠreduction	 ﾠsuggest	 ﾠthere	 ﾠis	 ﾠa	 ﾠhigh	 ﾠdiversity	 ﾠof	 ﾠsulfate	 ﾠ 70	 ﾠ
reducing	 ﾠ organisms	 ﾠ at	 ﾠ vents,	 ﾠ higher	 ﾠ than	 ﾠ predicted	 ﾠ via	 ﾠ 16S	 ﾠ rRNA	 ﾠ gene	 ﾠ analyses	 ﾠ alone	 ﾠ 71	 ﾠ
(Nakagawa	 ﾠet	 ﾠal.	 ﾠ2004;	 ﾠNercessian	 ﾠet	 ﾠal.	 ﾠ2005).	 ﾠ	 ﾠ 72	 ﾠ
	 ﾠ From	 ﾠa	 ﾠbiogeochemical	 ﾠand	 ﾠbioenergetic	 ﾠperspective,	 ﾠboth	 ﾠsulfide	 ﾠoxidation	 ﾠand	 ﾠsulfate	 ﾠ 73	 ﾠ
reduction	 ﾠwould	 ﾠbe	 ﾠfavored	 ﾠat	 ﾠhydrothermal	 ﾠvents,	 ﾠthough	 ﾠto	 ﾠvarying	 ﾠdegrees	 ﾠas	 ﾠa	 ﾠfunction	 ﾠof	 ﾠ 74	 ﾠ
environmental	 ﾠchemistry.	 ﾠSulfide	 ﾠoxidation	 ﾠis	 ﾠmost	 ﾠfavorable	 ﾠwhen	 ﾠcoupled	 ﾠto	 ﾠoxygen	 ﾠor	 ﾠnitrate	 ﾠ 75	 ﾠ4	 ﾠ
	 ﾠ
as	 ﾠan	 ﾠelectron	 ﾠacceptor	 ﾠ(Amend	 ﾠ&	 ﾠShock	 ﾠ2001).	 ﾠ	 ﾠAround	 ﾠvents,	 ﾠsulfide	 ﾠis	 ﾠtypically	 ﾠin	 ﾠµM	 ﾠto	 ﾠmM	 ﾠ 76	 ﾠ
concentrations	 ﾠ(Butterfield,	 ﾠet	 ﾠal.	 ﾠ1994;	 ﾠButterfield	 ﾠet	 ﾠal.	 ﾠ1994),	 ﾠwhile	 ﾠoxygen	 ﾠand	 ﾠnitrate	 ﾠare	 ﾠ 77	 ﾠ
around	 ﾠ110	 ﾠand	 ﾠ40	 ﾠµM	 ﾠrespectively	 ﾠ(Johnson	 ﾠet	 ﾠal.	 ﾠ1986).	 ﾠIn	 ﾠcontrast,	 ﾠsulfate	 ﾠreduction	 ﾠis	 ﾠhighly	 ﾠ 78	 ﾠ
favored	 ﾠin	 ﾠanoxic	 ﾠniches	 ﾠat	 ﾠvents,	 ﾠas	 ﾠit	 ﾠis	 ﾠin	 ﾠother	 ﾠmarine	 ﾠanaerobic	 ﾠenvironments	 ﾠ(Muyzer	 ﾠ&	 ﾠ 79	 ﾠ
Stams,	 ﾠ2008).	 ﾠHere,	 ﾠas	 ﾠin	 ﾠmost	 ﾠmarine	 ﾠsystems,	 ﾠsulfate	 ﾠis	 ﾠabundant	 ﾠat	 ﾠ28	 ﾠmM	 ﾠ	 ﾠtwo	 ﾠto	 ﾠthree	 ﾠ 80	 ﾠ
orders	 ﾠof	 ﾠmagnitude	 ﾠhigher	 ﾠthan	 ﾠoxygen	 ﾠ	 ﾠAt	 ﾠvents,	 ﾠsulfate	 ﾠreduction	 ﾠwould	 ﾠoccur	 ﾠin	 ﾠregimes	 ﾠ 81	 ﾠ
where	 ﾠseawater-ﾭ‐derived	 ﾠsulfate	 ﾠis	 ﾠstill	 ﾠpresent	 ﾠbut	 ﾠoxygen	 ﾠis	 ﾠabsent,	 ﾠe.g.	 ﾠwithin	 ﾠhydrothermal	 ﾠ 82	 ﾠ
vent	 ﾠ deposits.	 ﾠ Sulfate	 ﾠ reducing	 ﾠ microorganisms	 ﾠ commonly	 ﾠ use	 ﾠ hydrogen	 ﾠ and/or	 ﾠ dissolved	 ﾠ 83	 ﾠ
organic	 ﾠmatter	 ﾠas	 ﾠelectron	 ﾠdonors,	 ﾠboth	 ﾠof	 ﾠwhich	 ﾠare	 ﾠfound	 ﾠwithin	 ﾠhydrothermal	 ﾠfluids	 ﾠ(Lang	 ﾠet	 ﾠ 84	 ﾠ
al.	 ﾠ2006;	 ﾠCruse	 ﾠ&	 ﾠSeewald,	 ﾠ2006).	 ﾠSulfate	 ﾠreduction	 ﾠ–as	 ﾠa	 ﾠfunction	 ﾠof	 ﾠits	 ﾠextent	 ﾠand	 ﾠmagnitude-ﾭ‐	 ﾠ 85	 ﾠ
could	 ﾠ readily	 ﾠ influence	 ﾠ the	 ﾠ cycling	 ﾠ of	 ﾠ sulfur	 ﾠ and	 ﾠ sulfur	 ﾠ isotopes,	 ﾠ as	 ﾠ well	 ﾠ as	 ﾠ carbon,	 ﾠ within	 ﾠ 86	 ﾠ
hydrothermal	 ﾠenvironments.	 ﾠ	 ﾠ 87	 ﾠ
	 ﾠ To	 ﾠdate,	 ﾠstudies	 ﾠhave	 ﾠquantified	 ﾠrates	 ﾠof	 ﾠsulfate	 ﾠreduction	 ﾠin	 ﾠhydrothermal-ﾭ‐influenced	 ﾠ 88	 ﾠ
sediments	 ﾠ(Weber	 ﾠ&	 ﾠJorgensen,	 ﾠ2002;	 ﾠJorgensen	 ﾠet	 ﾠal.	 ﾠ1992;	 ﾠElsgaard	 ﾠet	 ﾠal.	 ﾠ1994;	 ﾠKallmeyer	 ﾠ&	 ﾠ 89	 ﾠ
Boetius,	 ﾠ2004;	 ﾠElsgaard	 ﾠet	 ﾠal.	 ﾠ1994;	 ﾠElsgaard	 ﾠet	 ﾠal.	 ﾠ1995)	 ﾠand	 ﾠisolated	 ﾠvent	 ﾠmicroorganisms	 ﾠ 90	 ﾠ
(Hoek	 ﾠet	 ﾠal.	 ﾠ2003).	 ﾠIn	 ﾠcontrast	 ﾠto	 ﾠthe	 ﾠnumerous	 ﾠstudies	 ﾠof	 ﾠsulfate	 ﾠreduction	 ﾠin	 ﾠmarine	 ﾠsediments	 ﾠ 91	 ﾠ
(Canfield	 ﾠ 1989),	 ﾠ studies	 ﾠ of	 ﾠ sulfate	 ﾠ reduction	 ﾠ in	 ﾠ hydrothermal	 ﾠ deposits	 ﾠ are	 ﾠ few	 ﾠ (Bonch-ﾭ‐ 92	 ﾠ
Osmolovskaya	 ﾠet	 ﾠal.	 ﾠ2011),	 ﾠdue	 ﾠin	 ﾠpart	 ﾠto	 ﾠthe	 ﾠchallenges	 ﾠassociated	 ﾠwith	 ﾠsampling	 ﾠand	 ﾠstudying	 ﾠ 93	 ﾠ
the	 ﾠheterogeneous	 ﾠand	 ﾠconsolidated	 ﾠsulfide	 ﾠdeposits	 ﾠtypical	 ﾠof	 ﾠhydrothermal	 ﾠvent	 ﾠchimneys.	 ﾠ	 ﾠ 94	 ﾠ
	 ﾠ Here	 ﾠwe	 ﾠpresent	 ﾠrates	 ﾠof	 ﾠmicrobially	 ﾠmediated	 ﾠsulfate	 ﾠreduction	 ﾠfrom	 ﾠthree	 ﾠdistinct,	 ﾠ 95	 ﾠ
active	 ﾠhydrothermal	 ﾠ“chimneys”	 ﾠfound	 ﾠin	 ﾠthe	 ﾠMiddle	 ﾠValley	 ﾠfield	 ﾠalong	 ﾠthe	 ﾠJuan	 ﾠde	 ﾠFuca	 ﾠRidge,	 ﾠ 96	 ﾠ
as	 ﾠwell	 ﾠas	 ﾠassessments	 ﾠof	 ﾠbacterial	 ﾠand	 ﾠarchaeal	 ﾠdiversity,	 ﾠestimates	 ﾠof	 ﾠtotal	 ﾠbiomass	 ﾠand	 ﾠthe	 ﾠ 97	 ﾠ5	 ﾠ
	 ﾠ
abundance	 ﾠof	 ﾠfunctional	 ﾠgenes	 ﾠrelated	 ﾠto	 ﾠsulfate	 ﾠreduction,	 ﾠand	 ﾠin	 ﾠsitu	 ﾠgeochemistry.	 ﾠThese	 ﾠ 98	 ﾠ
analyses	 ﾠ further	 ﾠ our	 ﾠ understanding	 ﾠ of	 ﾠ sulfate	 ﾠ reduction	 ﾠ (including	 ﾠ rates,	 ﾠ diversity	 ﾠ and	 ﾠ 99	 ﾠ
distribution	 ﾠ of	 ﾠ known	 ﾠ sulfate-ﾭ‐reducing	 ﾠ microbes)	 ﾠ in	 ﾠ vent	 ﾠ ecosystems.	 ﾠ Moreover,	 ﾠ they	 ﾠ 100	 ﾠ
underscore	 ﾠthe	 ﾠpotential	 ﾠrole	 ﾠof	 ﾠheterotrophic	 ﾠsulfate	 ﾠreduction	 ﾠin	 ﾠhydrothermal	 ﾠsystems,	 ﾠand	 ﾠ 101	 ﾠ
constrain	 ﾠtheir	 ﾠpotential	 ﾠinfluence	 ﾠon	 ﾠboth	 ﾠsulfur	 ﾠand	 ﾠcarbon	 ﾠcycling,	 ﾠ 102	 ﾠ
	 ﾠ 103	 ﾠ
METHODS	 ﾠ 104	 ﾠ
	 ﾠ 105	 ﾠ
Geologic	 ﾠSetting	 ﾠand	 ﾠSampling	 ﾠof	 ﾠhydrothermal	 ﾠdeposits	 ﾠ 106	 ﾠ
Middle	 ﾠ Valley	 ﾠ (48°27’N,	 ﾠ 128°59’	 ﾠ W)	 ﾠ is	 ﾠ an	 ﾠ intermediate	 ﾠ spreading,	 ﾠ axial	 ﾠ rift	 ﾠ valley,	 ﾠ 107	 ﾠ
located	 ﾠalong	 ﾠthe	 ﾠEndeavor	 ﾠSegment	 ﾠof	 ﾠthe	 ﾠJuan	 ﾠde	 ﾠFuca	 ﾠRidge	 ﾠin	 ﾠthe	 ﾠNorthwest	 ﾠPacific	 ﾠocean.	 ﾠ 108	 ﾠ
Layers	 ﾠ of	 ﾠ continental-ﾭ‐derived	 ﾠ sediments	 ﾠ characteristically	 ﾠ cover	 ﾠ Middle	 ﾠ Valley,	 ﾠ though	 ﾠ the	 ﾠ 109	 ﾠ
hydrothermal	 ﾠ vents	 ﾠ remain	 ﾠ prominent	 ﾠ above	 ﾠ the	 ﾠ sediments.	 ﾠ Hydrothermal	 ﾠ deposits	 ﾠ were	 ﾠ 110	 ﾠ
collected	 ﾠfrom	 ﾠ3	 ﾠactive	 ﾠhydrothermal	 ﾠspires	 ﾠduring	 ﾠdive	 ﾠ4625	 ﾠwith	 ﾠthe	 ﾠHOV	 ﾠAlvin	 ﾠ(R/V	 ﾠAtlantis	 ﾠ 111	 ﾠ
expedition	 ﾠAT15-ﾭ‐67,	 ﾠJuly	 ﾠ2010)	 ﾠand	 ﾠbrought	 ﾠto	 ﾠthe	 ﾠsurface	 ﾠin	 ﾠa	 ﾠsealed,	 ﾠtemperature-ﾭ‐insulated	 ﾠ 112	 ﾠ
polyethylene	 ﾠbox.	 ﾠSamples	 ﾠwere	 ﾠrecovered	 ﾠfrom	 ﾠactively	 ﾠventing	 ﾠsulfide	 ﾠdeposits	 ﾠat	 ﾠNeedles	 ﾠ 113	 ﾠ
(48.45778,	 ﾠ -ﾭ‐128.709,	 ﾠ 2412.212	 ﾠ m,	 ﾠ Tmax=123°C),	 ﾠ Dead	 ﾠ Dog	 ﾠ (48.45603,-ﾭ‐128.71,	 ﾠ 2405.268	 ﾠ m,	 ﾠ 114	 ﾠ
Tmax=261°C),	 ﾠand	 ﾠChowder	 ﾠHill	 ﾠ(48.455543,	 ﾠ-ﾭ‐128.709,	 ﾠ2398.257	 ﾠm,	 ﾠTmax	 ﾠ=261°C)	 ﾠvents.	 ﾠOnce	 ﾠon	 ﾠ 115	 ﾠ
board	 ﾠ ship,	 ﾠ samples	 ﾠ were	 ﾠ directly	 ﾠ transferred	 ﾠ to	 ﾠ sterile	 ﾠ anaerobic	 ﾠ seawater	 ﾠ and	 ﾠ 116	 ﾠ
handled/processed	 ﾠ using	 ﾠ appropriate	 ﾠ sterile	 ﾠ microbiological	 ﾠ techniques.	 ﾠ Subsamples	 ﾠ were	 ﾠ 117	 ﾠ
immediately	 ﾠtransferred	 ﾠto	 ﾠgastight	 ﾠjars	 ﾠ(Freund	 ﾠContainer	 ﾠInc.),	 ﾠfilled	 ﾠwith	 ﾠsterile	 ﾠanaerobic	 ﾠ 118	 ﾠ
seawater	 ﾠcontaining	 ﾠ2	 ﾠmM	 ﾠsodium	 ﾠsulfide	 ﾠat	 ﾠpH	 ﾠ6,	 ﾠand	 ﾠstored	 ﾠat	 ﾠ4°C.	 ﾠUpon	 ﾠreturn	 ﾠto	 ﾠthe	 ﾠ 119	 ﾠ
laboratory,	 ﾠall	 ﾠsamples	 ﾠwere	 ﾠprovided	 ﾠwith	 ﾠfresh	 ﾠ2	 ﾠmM	 ﾠsulfidic,	 ﾠanaerobic	 ﾠseawater	 ﾠevery	 ﾠ8	 ﾠto	 ﾠ 120	 ﾠ
12	 ﾠweeks	 ﾠand	 ﾠwere	 ﾠkept	 ﾠin	 ﾠthe	 ﾠdark	 ﾠand	 ﾠ4°C	 ﾠprior	 ﾠto	 ﾠincubation.	 ﾠ	 ﾠ 121	 ﾠ6	 ﾠ
	 ﾠ
Vent	 ﾠfluid	 ﾠvolatile	 ﾠgeochemistry	 ﾠvia	 ﾠin	 ﾠsitu	 ﾠmass	 ﾠspectrometry	 ﾠ 122	 ﾠ
In	 ﾠsitu	 ﾠconcentration	 ﾠof	 ﾠdissolved	 ﾠvolatiles	 ﾠ(H2S,	 ﾠH2,	 ﾠCO2,	 ﾠO2,	 ﾠand	 ﾠothers.)	 ﾠwere	 ﾠmeasured	 ﾠ 123	 ﾠ
at	 ﾠeach	 ﾠsite	 ﾠwith	 ﾠan	 ﾠin	 ﾠsitu	 ﾠmass	 ﾠspectrometer	 ﾠ(ISMS)	 ﾠas	 ﾠpreviously	 ﾠdescribed	 ﾠ(Wankel	 ﾠet	 ﾠal.	 ﾠ 124	 ﾠ
2011).	 ﾠBriefly,	 ﾠdissolved	 ﾠvolatiles	 ﾠwere	 ﾠquantified	 ﾠin	 ﾠsitu	 ﾠby	 ﾠsampling	 ﾠvent	 ﾠeffluent	 ﾠfor	 ﾠup	 ﾠto	 ﾠ10	 ﾠ 125	 ﾠ
minutes,	 ﾠuntil	 ﾠpartial	 ﾠpressures	 ﾠreached	 ﾠsteady	 ﾠstate	 ﾠ(data	 ﾠwas	 ﾠmonitored	 ﾠin	 ﾠreal	 ﾠtime	 ﾠwithin	 ﾠ 126	 ﾠ
the	 ﾠsubmersible).	 ﾠConcentrations	 ﾠwere	 ﾠdetermined	 ﾠfrom	 ﾠempirically	 ﾠderived	 ﾠcalibrations	 ﾠand	 ﾠ 127	 ﾠ
validated	 ﾠby	 ﾠcomparison	 ﾠwith	 ﾠdiscrete	 ﾠsamples	 ﾠcollected	 ﾠusing	 ﾠtitanium	 ﾠgastight	 ﾠsamplers.	 ﾠ	 ﾠ 128	 ﾠ
Measuring	 ﾠsulfate	 ﾠreduction	 ﾠrates	 ﾠ 129	 ﾠ
Hydrothermal	 ﾠdeposits	 ﾠwere	 ﾠhomogenized	 ﾠin	 ﾠa	 ﾠcommercial	 ﾠblender	 ﾠ(Xtreme™	 ﾠblender,	 ﾠ 130	 ﾠ
Waring	 ﾠ Inc.)	 ﾠ under	 ﾠ a	 ﾠ nitrogen	 ﾠ atmosphere.	 ﾠ Anaerobic	 ﾠ homogenization	 ﾠ was	 ﾠ designed	 ﾠ to	 ﾠ 131	 ﾠ
minimize	 ﾠ fine-ﾭ‐scale	 ﾠ geochemical	 ﾠ and	 ﾠ microbial	 ﾠ heterogeneity	 ﾠ and	 ﾠ facilitate	 ﾠ more	 ﾠ accurate	 ﾠ 132	 ﾠ
experimental	 ﾠreplication.	 ﾠHydrothermal	 ﾠhomogenate	 ﾠ(made	 ﾠup	 ﾠof	 ﾠboth	 ﾠmineral	 ﾠdeposit	 ﾠand	 ﾠ 133	 ﾠ
interstitial	 ﾠfluid))	 ﾠwas	 ﾠaliquoted	 ﾠvolumetrically	 ﾠ(7.5	 ﾠmL,	 ﾠca.	 ﾠ29	 ﾠg	 ﾠwet	 ﾠweight	 ﾠand	 ﾠca.	 ﾠ20	 ﾠg	 ﾠdry	 ﾠ 134	 ﾠ
weight)	 ﾠinto	 ﾠBalch	 ﾠtubes	 ﾠin	 ﾠan	 ﾠanaerobic	 ﾠchamber.	 ﾠThe	 ﾠtubes	 ﾠwere	 ﾠsupplemented	 ﾠwith	 ﾠ15	 ﾠmL	 ﾠof	 ﾠ 135	 ﾠ
sterile	 ﾠartificial	 ﾠvent	 ﾠfluid	 ﾠmedia	 ﾠdesigned	 ﾠto	 ﾠmimic	 ﾠthe	 ﾠgeochemical	 ﾠconditions	 ﾠwithin	 ﾠa	 ﾠsulfide	 ﾠ 136	 ﾠ
deposit	 ﾠ(pH	 ﾠ6,	 ﾠ14	 ﾠmM	 ﾠSO4
2-ﾭ‐,	 ﾠ2.3	 ﾠmM	 ﾠNaHCO3,	 ﾠ1	 ﾠmM	 ﾠH2S,	 ﾠand	 ﾠ10	 ﾠμM	 ﾠeach	 ﾠof	 ﾠpyruvate,	 ﾠcitrate,	 ﾠ 137	 ﾠ
formate,	 ﾠacetate,	 ﾠlactate).	 ﾠOrganic	 ﾠacid	 ﾠconcentrations	 ﾠare	 ﾠcomparable	 ﾠto	 ﾠthose	 ﾠmeasured	 ﾠin	 ﾠ 138	 ﾠ
situ	 ﾠ(Lang	 ﾠet	 ﾠal.	 ﾠ2006).	 ﾠSufficient	 ﾠ
35SO4
2-ﾭ‐	 ﾠwas	 ﾠadded	 ﾠto	 ﾠachieve	 ﾠ555	 ﾠkBq	 ﾠ(15	 ﾠμCi)	 ﾠof	 ﾠactivity.	 ﾠDue	 ﾠ 139	 ﾠ
to	 ﾠtechnical	 ﾠdifficulties	 ﾠwith	 ﾠpost	 ﾠprocessing	 ﾠmethodology,	 ﾠshipboard	 ﾠincubations	 ﾠusing	 ﾠfresh	 ﾠ 140	 ﾠ
material	 ﾠwere	 ﾠnot	 ﾠsuccessful.	 ﾠThe	 ﾠdata	 ﾠpresented	 ﾠhere	 ﾠwere	 ﾠgenerated	 ﾠusing	 ﾠsamples	 ﾠthat	 ﾠhad	 ﾠ 141	 ﾠ
been	 ﾠkept	 ﾠat	 ﾠ4	 ﾠ°C	 ﾠand	 ﾠrefreshed	 ﾠwith	 ﾠvent-ﾭ‐like	 ﾠeffluent	 ﾠ(as	 ﾠdescribed	 ﾠabove)	 ﾠfor	 ﾠone	 ﾠyear.	 ﾠ 142	 ﾠ
Samples	 ﾠwere	 ﾠincubated	 ﾠanaerobically	 ﾠfor	 ﾠ7	 ﾠdays	 ﾠat	 ﾠ4,	 ﾠ30,	 ﾠ40,	 ﾠ50,	 ﾠ60,	 ﾠ80	 ﾠand	 ﾠ90°C.	 ﾠControls	 ﾠfor	 ﾠ 143	 ﾠ7	 ﾠ
	 ﾠ
sulfate	 ﾠ reduction	 ﾠ consisted	 ﾠ of	 ﾠ samples	 ﾠ amended	 ﾠ with	 ﾠ 28	 ﾠ mM	 ﾠ molybdate,	 ﾠ a	 ﾠ competitive	 ﾠ 144	 ﾠ
inhibitor	 ﾠ of	 ﾠ sulfate	 ﾠ reduction	 ﾠ (Saleh	 ﾠ et	 ﾠ al.	 ﾠ 1964;	 ﾠ Newport	 ﾠ &	 ﾠ Nedwell,	 ﾠ 1988).	 ﾠ Six	 ﾠ biological	 ﾠ 145	 ﾠ
replicates	 ﾠwere	 ﾠrun	 ﾠfor	 ﾠeach	 ﾠtreatment,	 ﾠand	 ﾠthree	 ﾠbiological	 ﾠreplicates	 ﾠfor	 ﾠeach	 ﾠcontrol.	 ﾠUpon	 ﾠ 146	 ﾠ
completion,	 ﾠreactions	 ﾠwere	 ﾠquenched	 ﾠwith	 ﾠthe	 ﾠinjection	 ﾠof	 ﾠ5	 ﾠmL	 ﾠ25%	 ﾠzinc	 ﾠacetate	 ﾠ(which	 ﾠis	 ﾠ~20-ﾭ‐ 147	 ﾠ
fold	 ﾠmore	 ﾠZinc	 ﾠthan	 ﾠthe	 ﾠmaximum	 ﾠsulfide	 ﾠconcentration),	 ﾠand	 ﾠall	 ﾠsamples	 ﾠwere	 ﾠfrozen	 ﾠat	 ﾠ-ﾭ‐20°	 ﾠC	 ﾠ 148	 ﾠ
for	 ﾠfurther	 ﾠanalysis.	 ﾠ	 ﾠ 149	 ﾠ
To	 ﾠdetermine	 ﾠsulfate	 ﾠreduction	 ﾠrates,	 ﾠsamples	 ﾠwere	 ﾠthawed	 ﾠand	 ﾠthe	 ﾠsupernatant	 ﾠwas	 ﾠ 150	 ﾠ
removed	 ﾠand	 ﾠfiltered	 ﾠthrough	 ﾠa	 ﾠ0.2	 ﾠμm	 ﾠsyringe	 ﾠfilter.	 ﾠThe	 ﾠcrushed	 ﾠdeposits	 ﾠthat	 ﾠremained	 ﾠin	 ﾠthe	 ﾠ 151	 ﾠ
tube	 ﾠwere	 ﾠwashed	 ﾠthree	 ﾠtimes	 ﾠwith	 ﾠdeionized	 ﾠwater	 ﾠto	 ﾠremove	 ﾠany	 ﾠremaining	 ﾠsulfate.	 ﾠOne	 ﾠ 152	 ﾠ
gram	 ﾠ(wet	 ﾠweight)	 ﾠof	 ﾠcrushed	 ﾠdeposit	 ﾠwas	 ﾠanalyzed	 ﾠvia	 ﾠchromium	 ﾠdistillation	 ﾠ(see	 ﾠSupplemental	 ﾠ 153	 ﾠ
Methods)	 ﾠ and	 ﾠ sulfate	 ﾠ reduction	 ﾠ rates	 ﾠ (SRR)	 ﾠ were	 ﾠ calculated	 ﾠ as	 ﾠ in	 ﾠ (Fossing	 ﾠ &	 ﾠ Jorgensen,	 ﾠ 154	 ﾠ
1989)using	 ﾠthe	 ﾠfollowing	 ﾠcalculation.	 ﾠ 155	 ﾠ
SRR	 ﾠ= 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠEq.1	 ﾠ 156	 ﾠ
	 ﾠWhere	 ﾠnSO4
2-ﾭ‐	 ﾠis	 ﾠthe	 ﾠquantity	 ﾠ(in	 ﾠmoles)	 ﾠof	 ﾠsulfate	 ﾠadded	 ﾠto	 ﾠeach	 ﾠincubation	 ﾠ(14	 ﾠmM	 ﾠ*	 ﾠ15	 ﾠmL	 ﾠ=	 ﾠ 157	 ﾠ
210	 ﾠμmol),	 ﾠa	 ﾠis	 ﾠthe	 ﾠactivity	 ﾠ(dpm)	 ﾠof	 ﾠthe	 ﾠtrapped	 ﾠsulfide,	 ﾠ1.06	 ﾠis	 ﾠthe	 ﾠfractionation	 ﾠfactor	 ﾠ 158	 ﾠ
between	 ﾠthe	 ﾠsulfide	 ﾠand	 ﾠsulfate	 ﾠpools,	 ﾠA	 ﾠis	 ﾠthe	 ﾠactivity	 ﾠof	 ﾠthe	 ﾠsulfate	 ﾠpool	 ﾠat	 ﾠthe	 ﾠcompletion	 ﾠof	 ﾠ 159	 ﾠ
the	 ﾠincubation	 ﾠand	 ﾠt	 ﾠis	 ﾠthe	 ﾠincubation	 ﾠtime	 ﾠ(days).	 ﾠ	 ﾠThe	 ﾠrates	 ﾠare	 ﾠpresented	 ﾠin	 ﾠunits	 ﾠof	 ﾠnmol	 ﾠS	 ﾠg
-ﾭ‐1	 ﾠ 160	 ﾠ
day
-ﾭ‐1.	 ﾠ	 ﾠ 161	 ﾠ
DNA	 ﾠExtraction	 ﾠ 162	 ﾠ
Immediately	 ﾠprior	 ﾠto	 ﾠconducting	 ﾠthe	 ﾠrate	 ﾠexperiments,	 ﾠa	 ﾠsubsample	 ﾠof	 ﾠhomogenized	 ﾠ 163	 ﾠ
hydrothermal	 ﾠdeposit	 ﾠwas	 ﾠremoved	 ﾠand	 ﾠfrozen	 ﾠat	 ﾠ-ﾭ‐80°	 ﾠC	 ﾠfor	 ﾠmolecular	 ﾠanalysis.	 ﾠ	 ﾠDNA	 ﾠwas	 ﾠ 164	 ﾠ8	 ﾠ
	 ﾠ
extracted	 ﾠfrom	 ﾠthis	 ﾠcrushed	 ﾠdeposit	 ﾠsample	 ﾠwith	 ﾠa	 ﾠprotocol	 ﾠmodified	 ﾠfrom	 ﾠ(Santelli	 ﾠet	 ﾠal.	 ﾠ2008).	 ﾠ 165	 ﾠ
Subsamples	 ﾠ were	 ﾠ washed	 ﾠ with	 ﾠ 0.1	 ﾠ N	 ﾠ HCl,	 ﾠ followed	 ﾠ by	 ﾠ two	 ﾠ rinses	 ﾠ with	 ﾠ a	 ﾠ sterile	 ﾠ solution	 ﾠ 166	 ﾠ
containing	 ﾠ10	 ﾠmM	 ﾠTris	 ﾠ(pH	 ﾠ8.0)	 ﾠand	 ﾠ50	 ﾠmM	 ﾠEDTA.	 ﾠA	 ﾠknown	 ﾠmass	 ﾠof	 ﾠmaterial	 ﾠwas	 ﾠadded	 ﾠto	 ﾠ 167	 ﾠ
PowerSoil	 ﾠ beadbeating	 ﾠ tubes(MoBio	 ﾠ Laboratories,	 ﾠ Carlsbad	 ﾠ CA),	 ﾠ incubated	 ﾠ at	 ﾠ 70°C	 ﾠ for	 ﾠ 10	 ﾠ 168	 ﾠ
minutes,	 ﾠand	 ﾠthen	 ﾠamended	 ﾠwith	 ﾠ200	 ﾠng	 ﾠof	 ﾠpoly-ﾭ‐A.	 ﾠSubsamples	 ﾠwere	 ﾠsubjected	 ﾠto	 ﾠbeadbeating,	 ﾠ 169	 ﾠ
followed	 ﾠby	 ﾠthree	 ﾠcycles	 ﾠof	 ﾠfreeze-ﾭ‐thaw	 ﾠsteps	 ﾠto	 ﾠfurther	 ﾠlyse	 ﾠcells.	 ﾠNucleic	 ﾠacids	 ﾠwere	 ﾠextracted	 ﾠ 170	 ﾠ
using	 ﾠ hot	 ﾠ phenol	 ﾠ (60°C	 ﾠ for	 ﾠ 3	 ﾠ min.),	 ﾠ followed	 ﾠ by	 ﾠ two	 ﾠ chloroform:isoamyl	 ﾠ separations	 ﾠ and	 ﾠ 171	 ﾠ
precipitated	 ﾠwith	 ﾠethanol.	 ﾠDNA	 ﾠwas	 ﾠresuspended	 ﾠin	 ﾠTE	 ﾠ(pH	 ﾠ8.0)	 ﾠand	 ﾠquantified	 ﾠusing	 ﾠthe	 ﾠQubit™	 ﾠ 172	 ﾠ
fluorometer	 ﾠ(Life	 ﾠTechnologies,	 ﾠGrand	 ﾠIsland,	 ﾠNY).	 ﾠ 173	 ﾠ
Enumeration	 ﾠof	 ﾠgene	 ﾠabundance	 ﾠvia	 ﾠquantitative	 ﾠPCR	 ﾠ 174	 ﾠ
	 ﾠ Quantitative	 ﾠPCR	 ﾠ(qPCR)	 ﾠwas	 ﾠused	 ﾠto	 ﾠdetermine	 ﾠthe	 ﾠabundance	 ﾠof	 ﾠbacterial	 ﾠand	 ﾠarchaeal	 ﾠ 175	 ﾠ
16S	 ﾠrRNA	 ﾠgenes.	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠqPCR	 ﾠwas	 ﾠused	 ﾠto	 ﾠenumerate	 ﾠthe	 ﾠabundance	 ﾠof	 ﾠsulfate	 ﾠreducing	 ﾠ 176	 ﾠ
prokaryotes	 ﾠby	 ﾠamplifying	 ﾠthe	 ﾠadenosine	 ﾠ5‘-ﾭ‐phosphosulfate	 ﾠreductase	 ﾠ(aprA)	 ﾠgene	 ﾠwith	 ﾠprimers	 ﾠ 177	 ﾠ
targeting	 ﾠsulfate	 ﾠreducing	 ﾠbacteria	 ﾠand	 ﾠarchaea	 ﾠ(Christophersen	 ﾠet	 ﾠal.	 ﾠ2011).	 ﾠ	 ﾠPrimers	 ﾠspecific	 ﾠto	 ﾠ 178	 ﾠ
bacterial	 ﾠdissimilatory	 ﾠsulfite	 ﾠreductase	 ﾠ(dsrA)	 ﾠ(Kondo	 ﾠet	 ﾠal.	 ﾠ2004)	 ﾠand	 ﾠ	 ﾠDeltaproteobacteria	 ﾠ16S	 ﾠ 179	 ﾠ
rRNA	 ﾠ genes	 ﾠ (Stults	 ﾠ et	 ﾠ al.	 ﾠ 2001)	 ﾠ provide	 ﾠ alternate	 ﾠ estimates	 ﾠ of	 ﾠ sulfate	 ﾠ reducing	 ﾠ bacteria	 ﾠ 180	 ﾠ
populations.	 ﾠQuantification	 ﾠwas	 ﾠperformed	 ﾠin	 ﾠtriplicate	 ﾠwith	 ﾠthe	 ﾠStratagene	 ﾠMX3005p	 ﾠqPCR	 ﾠ 181	 ﾠ
System	 ﾠ(Agilent	 ﾠTechnologies)	 ﾠusing	 ﾠthe	 ﾠPerfecta	 ﾠSYBR	 ﾠFastMix	 ﾠwith	 ﾠlow	 ﾠROX	 ﾠ(20	 ﾠµL	 ﾠreactions,	 ﾠ 182	 ﾠ
Quanta	 ﾠBiosciences,	 ﾠGaitherburg,	 ﾠMD),	 ﾠspecific	 ﾠprimers	 ﾠand	 ﾠannealing	 ﾠtemperatures	 ﾠ(Table	 ﾠ1)	 ﾠ 183	 ﾠ
and	 ﾠ10	 ﾠng	 ﾠof	 ﾠtemplate	 ﾠgDNA.	 ﾠThe	 ﾠtemperature	 ﾠprogram	 ﾠfor	 ﾠall	 ﾠassays	 ﾠwas	 ﾠ94°C	 ﾠfor	 ﾠ10	 ﾠminutes,	 ﾠ 184	 ﾠ
35	 ﾠcycles	 ﾠof	 ﾠ94°C	 ﾠfor	 ﾠ1	 ﾠminute,	 ﾠthe	 ﾠannealing	 ﾠtemperature	 ﾠfor	 ﾠ1	 ﾠminute	 ﾠ(Table	 ﾠ1),	 ﾠextension	 ﾠat	 ﾠ 185	 ﾠ
72°C	 ﾠfor	 ﾠ30	 ﾠseconds	 ﾠand	 ﾠfluorescence	 ﾠread	 ﾠafter	 ﾠ10	 ﾠseconds	 ﾠat	 ﾠ80°C.	 ﾠFollowing	 ﾠamplification,	 ﾠ 186	 ﾠ9	 ﾠ
	 ﾠ
dissociation	 ﾠcurves	 ﾠwere	 ﾠdetermined	 ﾠacross	 ﾠa	 ﾠtemperature	 ﾠrange	 ﾠof	 ﾠ55°C	 ﾠto	 ﾠ95°C.	 ﾠCt	 ﾠvalues	 ﾠfor	 ﾠ 187	 ﾠ
each	 ﾠwell	 ﾠwere	 ﾠcalculated	 ﾠusing	 ﾠthe	 ﾠmanufacturer’s	 ﾠsoftware.	 ﾠPlasmids	 ﾠcontaining	 ﾠbacterial	 ﾠand	 ﾠ 188	 ﾠ
archaeal	 ﾠ16S	 ﾠrRNA	 ﾠand	 ﾠfunctional	 ﾠgene	 ﾠinserts	 ﾠ(amplified	 ﾠfrom	 ﾠArcobacter	 ﾠnitrofigulis	 ﾠ(ATCC	 ﾠ 189	 ﾠ
33309),	 ﾠMethanosarcina	 ﾠacidovorans	 ﾠand	 ﾠDesulfovibrio	 ﾠvulgaris	 ﾠHildenborough	 ﾠ(ATCC	 ﾠ29579/	 ﾠ 190	 ﾠ
NCIMB	 ﾠ 8303/	 ﾠ AE017285)	 ﾠ respectively)	 ﾠ were	 ﾠ used	 ﾠ as	 ﾠ standards	 ﾠ for	 ﾠ calibration	 ﾠ (see	 ﾠ 191	 ﾠ
Supplemental	 ﾠMethods	 ﾠfor	 ﾠmore	 ﾠdetail).	 ﾠ 	 ﾠ 192	 ﾠ
Sequencing	 ﾠand	 ﾠPhylogenetic	 ﾠAnalysis	 ﾠvia	 ﾠ454	 ﾠpyrosequencing	 ﾠ 193	 ﾠ
DNA	 ﾠsamples	 ﾠwere	 ﾠsequenced	 ﾠby	 ﾠResearch	 ﾠand	 ﾠTesting	 ﾠLaboratory	 ﾠ(Lubbock,	 ﾠTX)	 ﾠusing	 ﾠ454	 ﾠ 194	 ﾠ
pyrotag	 ﾠmethods	 ﾠsimilar	 ﾠto	 ﾠthose	 ﾠdescribed	 ﾠpreviously	 ﾠ(Dowd	 ﾠet	 ﾠal.	 ﾠ2008).	 ﾠAll	 ﾠsamples	 ﾠwere	 ﾠ 195	 ﾠ
sequenced	 ﾠ using	 ﾠ a	 ﾠ 454FLX	 ﾠ instrument	 ﾠ (Roche	 ﾠ Inc.)	 ﾠ with	 ﾠ Titanium™	 ﾠ reagents.	 ﾠ The	 ﾠ resulting	 ﾠ 196	 ﾠ
bacterial	 ﾠand	 ﾠarchaeal	 ﾠ16S	 ﾠrRNA	 ﾠand	 ﾠdrsB	 ﾠ	 ﾠgenes	 ﾠ(primers	 ﾠin	 ﾠTable	 ﾠ1)	 ﾠdatasets	 ﾠwere	 ﾠanalyzed	 ﾠvia	 ﾠ 197	 ﾠ
Mothur	 ﾠ(Schloss	 ﾠet	 ﾠal.	 ﾠ2009).	 ﾠSequences	 ﾠwere	 ﾠtrimmed,	 ﾠquality	 ﾠchecked,	 ﾠaligned	 ﾠto	 ﾠthe	 ﾠSILVA-ﾭ‐ 198	 ﾠ
compatible	 ﾠalignment	 ﾠdatabase	 ﾠreference	 ﾠalignment	 ﾠ(dsrB	 ﾠgene	 ﾠdatasets	 ﾠwere	 ﾠaligned	 ﾠto	 ﾠa	 ﾠdsrB	 ﾠ 199	 ﾠ
gene	 ﾠdatabase	 ﾠgenerated	 ﾠfrom	 ﾠthe	 ﾠRibosomal	 ﾠDatabase	 ﾠProject	 ﾠ(RDP)),	 ﾠanalyzed	 ﾠfor	 ﾠchimeras,	 ﾠ 200	 ﾠ
classified	 ﾠ against	 ﾠ the	 ﾠ Greengenes99	 ﾠ database	 ﾠ and	 ﾠ clustered	 ﾠ in	 ﾠ to	 ﾠ OTUs	 ﾠ (see	 ﾠ Supplemental	 ﾠ 201	 ﾠ
Methods	 ﾠfor	 ﾠmore	 ﾠdetail).	 ﾠRarefaction	 ﾠcurves	 ﾠwere	 ﾠused	 ﾠto	 ﾠexamine	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠOTUs	 ﾠas	 ﾠa	 ﾠ 202	 ﾠ
function	 ﾠof	 ﾠsampling	 ﾠdepth.	 ﾠAlpha	 ﾠdiversity	 ﾠwas	 ﾠassessed	 ﾠby	 ﾠgenerating	 ﾠvalues	 ﾠfrom	 ﾠthe	 ﾠChao1	 ﾠ 203	 ﾠ
richness	 ﾠestimators	 ﾠand	 ﾠthe	 ﾠinverse	 ﾠSimpson	 ﾠdiversity	 ﾠindex.	 ﾠ	 ﾠ 204	 ﾠ
Sequence	 ﾠAccession	 ﾠnumbers	 ﾠ 205	 ﾠ
	 ﾠ The	 ﾠ16S	 ﾠrRNA	 ﾠand	 ﾠdsrB	 ﾠgene	 ﾠsequences	 ﾠreported	 ﾠin	 ﾠthis	 ﾠstudy	 ﾠhave	 ﾠbeen	 ﾠsubmitted	 ﾠto	 ﾠ 206	 ﾠ
Sequence	 ﾠRead	 ﾠArchive	 ﾠunder	 ﾠthe	 ﾠaccession	 ﾠnumbers	 ﾠSRX154520	 ﾠthrough	 ﾠSRX154528.	 ﾠ	 ﾠ 207	 ﾠ
	 ﾠ 208	 ﾠ
RESULTS	 ﾠ 209	 ﾠ10	 ﾠ
	 ﾠ
	 ﾠ 210	 ﾠ
Physical	 ﾠand	 ﾠgeochemical	 ﾠcharacteristics	 ﾠof	 ﾠthe	 ﾠstudy	 ﾠsites	 ﾠ 211	 ﾠ
The	 ﾠhydrothermal	 ﾠdeposits	 ﾠsampled	 ﾠfrom	 ﾠMiddle	 ﾠValley	 ﾠwere	 ﾠall	 ﾠrelatively	 ﾠfriable	 ﾠand	 ﾠ 212	 ﾠ
were	 ﾠcomposed	 ﾠpredominantly	 ﾠof	 ﾠanhydrite	 ﾠ(CaSO4,	 ﾠM.	 ﾠTivey,	 ﾠpers.	 ﾠcomm).	 ﾠChowder	 ﾠHill	 ﾠand	 ﾠ 213	 ﾠ
Dead	 ﾠDog	 ﾠhad	 ﾠthe	 ﾠhighest	 ﾠobserved	 ﾠventing	 ﾠfluid	 ﾠtemperatures	 ﾠ(measured	 ﾠin	 ﾠsitu	 ﾠat	 ﾠ261°C),	 ﾠ 214	 ﾠ
followed	 ﾠby	 ﾠNeedles	 ﾠ(123°C).	 ﾠIn	 ﾠsitu	 ﾠmeasurements	 ﾠof	 ﾠdissolved	 ﾠhydrogen	 ﾠsulfide	 ﾠ(H2S)	 ﾠrevealed	 ﾠ 215	 ﾠ
significant	 ﾠ differences	 ﾠ in	 ﾠ hydrothermal	 ﾠ fluid	 ﾠ composition	 ﾠ among	 ﾠ hydrothermal	 ﾠ deposits.	 ﾠ 216	 ﾠ
Unfortunately	 ﾠ the	 ﾠ inline	 ﾠ pH	 ﾠ probe	 ﾠ with	 ﾠ the	 ﾠ ISMS	 ﾠ malfunctioned	 ﾠ during	 ﾠ the	 ﾠ dive.	 ﾠ Using	 ﾠ 217	 ﾠ
previously	 ﾠreported	 ﾠpH	 ﾠvalues	 ﾠ(Butterfield	 ﾠet	 ﾠal.	 ﾠ1994),	 ﾠChowder	 ﾠHill	 ﾠwould	 ﾠhave	 ﾠthe	 ﾠhighest	 ﾠin	 ﾠ 218	 ﾠ
situ	 ﾠmeasurement	 ﾠof	 ﾠtotal	 ﾠsulfide	 ﾠ(3.9	 ﾠmM),	 ﾠfollowed	 ﾠby	 ﾠDead	 ﾠDog	 ﾠ(2.2	 ﾠmM),	 ﾠand	 ﾠNeedles	 ﾠ(0.59	 ﾠ 219	 ﾠ
mM)	 ﾠ(Table	 ﾠ2).	 ﾠThese	 ﾠconcentrations	 ﾠare	 ﾠwithin	 ﾠthe	 ﾠsame	 ﾠmagnitude	 ﾠof	 ﾠpreviously	 ﾠreported	 ﾠH2S	 ﾠ 220	 ﾠ
in	 ﾠfocused	 ﾠvent	 ﾠfluids	 ﾠat	 ﾠMiddle	 ﾠValley	 ﾠ(Butterfield	 ﾠet	 ﾠal.	 ﾠ1994).	 ﾠChowder	 ﾠHill	 ﾠdid	 ﾠexhibit	 ﾠthe	 ﾠ 221	 ﾠ
highest	 ﾠin	 ﾠsitu	 ﾠconcentration	 ﾠof	 ﾠhydrogen	 ﾠ(1.86	 ﾠmM)	 ﾠfollowed	 ﾠby	 ﾠDead	 ﾠDog	 ﾠ(1.66	 ﾠmM)	 ﾠand	 ﾠ 222	 ﾠ
Needles	 ﾠ(~1.42	 ﾠmM).	 ﾠThese	 ﾠvalues	 ﾠare	 ﾠalso	 ﾠconsistent	 ﾠwith	 ﾠprevious	 ﾠstudies	 ﾠ(Cruse	 ﾠ&	 ﾠSeewald	 ﾠ 223	 ﾠ
2006),	 ﾠas	 ﾠwell	 ﾠas	 ﾠgastight	 ﾠsamples	 ﾠcollected	 ﾠand	 ﾠanalyzed	 ﾠshipboard	 ﾠ(M.	 ﾠLilley,	 ﾠpers.	 ﾠcomm).	 ﾠ	 ﾠ 224	 ﾠ
Sulfate	 ﾠReduction	 ﾠRates	 ﾠ 225	 ﾠ
Among	 ﾠall	 ﾠsamples,	 ﾠsulfate	 ﾠreduction	 ﾠwas	 ﾠobserved	 ﾠat	 ﾠtemperatures	 ﾠbetween	 ﾠ4°C	 ﾠto	 ﾠ 226	 ﾠ
90°C	 ﾠ(Figure	 ﾠ1).	 ﾠMaximal	 ﾠrates	 ﾠof	 ﾠsulfate	 ﾠreduction	 ﾠwere	 ﾠobserved	 ﾠbetween	 ﾠ88-ﾭ‐90°C	 ﾠ(2670	 ﾠnmol	 ﾠ 227	 ﾠ
g
-ﾭ‐1	 ﾠday
-ﾭ‐1	 ﾠat	 ﾠNeedles,	 ﾠ1090	 ﾠnmol	 ﾠg
-ﾭ‐1	 ﾠday
-ﾭ‐1	 ﾠat	 ﾠChowder	 ﾠHill,	 ﾠand	 ﾠ142	 ﾠnmol	 ﾠg
-ﾭ‐1	 ﾠday
-ﾭ‐1	 ﾠat	 ﾠDead	 ﾠDog;	 ﾠ 228	 ﾠ
Figure	 ﾠ1).	 ﾠNotably,	 ﾠthe	 ﾠhighest	 ﾠsulfate	 ﾠreduction	 ﾠrates	 ﾠwere	 ﾠobserved	 ﾠfrom	 ﾠNeedles	 ﾠsamples,	 ﾠ 229	 ﾠ
which	 ﾠwere	 ﾠ~20-ﾭ‐fold	 ﾠhigher	 ﾠthan	 ﾠthose	 ﾠobserved	 ﾠat	 ﾠDead	 ﾠDog,	 ﾠand	 ﾠ~2-ﾭ‐fold	 ﾠgreater	 ﾠthan	 ﾠat	 ﾠ 230	 ﾠ
Chowder	 ﾠHill.	 ﾠMany	 ﾠof	 ﾠthe	 ﾠrates	 ﾠexhibit	 ﾠlarge	 ﾠdeviations	 ﾠdue	 ﾠto	 ﾠthe	 ﾠhigh	 ﾠvariability	 ﾠamong	 ﾠthe	 ﾠ 231	 ﾠ
biological	 ﾠ replicates,	 ﾠ most	 ﾠ likely	 ﾠ due	 ﾠ to	 ﾠ persistent	 ﾠ mineralogical	 ﾠ and	 ﾠ microbiological	 ﾠ 232	 ﾠ11	 ﾠ
	 ﾠ
heterogeneity	 ﾠ across	 ﾠ incubations,	 ﾠ even	 ﾠ after	 ﾠ homogenization.	 ﾠ Sulfate	 ﾠ reduction	 ﾠ was	 ﾠ also	 ﾠ 233	 ﾠ
observed	 ﾠ in	 ﾠ molybdate	 ﾠ amended	 ﾠ experiments,	 ﾠ though	 ﾠ we	 ﾠ suspect	 ﾠ that	 ﾠ molybdate	 ﾠ was	 ﾠ 234	 ﾠ
scavenged	 ﾠ by	 ﾠ minerals	 ﾠ that	 ﾠ attenuated	 ﾠ the	 ﾠ effect	 ﾠ of	 ﾠ the	 ﾠ inhibitor	 ﾠ as	 ﾠ has	 ﾠ been	 ﾠ previously	 ﾠ 235	 ﾠ
observed	 ﾠin	 ﾠmetal-ﾭ‐rich	 ﾠenvironments	 ﾠ(Bostick	 ﾠet	 ﾠal.	 ﾠ2003;	 ﾠXu	 ﾠet	 ﾠal.	 ﾠ2006).	 ﾠ 236	 ﾠ
Quantification	 ﾠof	 ﾠTaxonomic	 ﾠand	 ﾠFunctional	 ﾠGenes	 ﾠ 237	 ﾠ
The	 ﾠ abundance	 ﾠ of	 ﾠ total	 ﾠ bacteria,	 ﾠ archaea	 ﾠ (16S	 ﾠ rRNA	 ﾠ genes),	 ﾠ sulfate	 ﾠ reducing	 ﾠ 238	 ﾠ
prokaryotes	 ﾠ(aprA	 ﾠgene)	 ﾠand	 ﾠsulfate	 ﾠreducing	 ﾠbacteria	 ﾠ(dsrA	 ﾠand	 ﾠDeltaproteobacteria	 ﾠspecific	 ﾠ 239	 ﾠ
16S	 ﾠrRNA	 ﾠgenes)	 ﾠwere	 ﾠinvestigated	 ﾠin	 ﾠeach	 ﾠdeposit	 ﾠby	 ﾠquantitative	 ﾠPCR	 ﾠ(Figure	 ﾠ2).	 ﾠMicrobial	 ﾠ 240	 ﾠ
density	 ﾠ(as	 ﾠestimated	 ﾠby	 ﾠ16S	 ﾠrRNA	 ﾠgene	 ﾠcopies	 ﾠg
-ﾭ‐1	 ﾠmineral)	 ﾠwas	 ﾠgreatest	 ﾠat	 ﾠNeedles	 ﾠand	 ﾠlowest	 ﾠ 241	 ﾠ
at	 ﾠDead	 ﾠDog.	 ﾠMicrobial	 ﾠcommunities	 ﾠat	 ﾠeach	 ﾠsite	 ﾠwere	 ﾠdominated	 ﾠby	 ﾠarchaea	 ﾠ(Figure	 ﾠ2A),	 ﾠwith	 ﾠ 242	 ﾠ
Needles	 ﾠshowing	 ﾠthe	 ﾠhighest	 ﾠratio	 ﾠof	 ﾠarchaea	 ﾠto	 ﾠbacteria	 ﾠ(227:1	 ﾠas	 ﾠcompared	 ﾠto	 ﾠ14:1	 ﾠat	 ﾠDead	 ﾠ 243	 ﾠ
Dog	 ﾠor	 ﾠ17.5:1	 ﾠat	 ﾠChowder	 ﾠHill).	 ﾠAssuming	 ﾠan	 ﾠaverage	 ﾠof	 ﾠ4.19	 ﾠcopies	 ﾠof	 ﾠ16S	 ﾠrRNA	 ﾠgene	 ﾠper	 ﾠ 244	 ﾠ
bacterium	 ﾠ and	 ﾠ 1.71	 ﾠ copies	 ﾠ of	 ﾠ 16S	 ﾠ rRNA	 ﾠ gene	 ﾠ per	 ﾠ archaeon	 ﾠ genome	 ﾠ (Lee	 ﾠ et	 ﾠ al.	 ﾠ 2009;	 ﾠ 245	 ﾠ
Klappenbach	 ﾠet	 ﾠal.	 ﾠ2001),	 ﾠNeedles	 ﾠhosts	 ﾠa	 ﾠmicrobial	 ﾠcommunity	 ﾠof	 ﾠ4.12	 ﾠx	 ﾠ10
8	 ﾠcells	 ﾠg
-ﾭ‐1	 ﾠsample,	 ﾠ3	 ﾠ 246	 ﾠ
orders	 ﾠof	 ﾠmagnitude	 ﾠhigher	 ﾠthan	 ﾠChowder	 ﾠHill	 ﾠ(8.96	 ﾠx	 ﾠ10
5	 ﾠcells	 ﾠg
-ﾭ‐1	 ﾠsample)	 ﾠand	 ﾠDead	 ﾠDog	 ﾠ(5.65	 ﾠx	 ﾠ 247	 ﾠ
10
5	 ﾠcells	 ﾠg
-ﾭ‐1	 ﾠsample).	 ﾠ 248	 ﾠ
16S	 ﾠ rRNA	 ﾠ gene	 ﾠ primers	 ﾠ specifically	 ﾠ targeting	 ﾠ ribotypes	 ﾠ allied	 ﾠ to	 ﾠ Desulfovibrio,	 ﾠ 249	 ﾠ
Desulfomicrobium,	 ﾠ Desulfuromusa,	 ﾠ and	 ﾠ Desulfuromonas	 ﾠ were	 ﾠ used	 ﾠ to	 ﾠ enumerate	 ﾠ 250	 ﾠ
Deltaproteobacteria	 ﾠknown	 ﾠto	 ﾠmediate	 ﾠsulfate	 ﾠreduction	 ﾠin	 ﾠmany	 ﾠmarine	 ﾠsystems	 ﾠ(Stults	 ﾠet	 ﾠal.	 ﾠ 251	 ﾠ
2001).	 ﾠHowever,	 ﾠgiven	 ﾠthe	 ﾠdifficulty	 ﾠin	 ﾠamplifying	 ﾠ16S	 ﾠrRNA	 ﾠgenes	 ﾠfrom	 ﾠdeep-ﾭ‐sea	 ﾠthermophiles	 ﾠ 252	 ﾠ
with	 ﾠtypical	 ﾠprimer	 ﾠsets	 ﾠ-ﾭ‐	 ﾠdue	 ﾠto	 ﾠmismatches	 ﾠwith	 ﾠlimited	 ﾠsequence	 ﾠrepresentation	 ﾠin	 ﾠGenBank	 ﾠ-ﾭ‐	 ﾠ 253	 ﾠ
it	 ﾠ is	 ﾠ possible	 ﾠ that	 ﾠ these	 ﾠ assays	 ﾠ similarly	 ﾠ underestimate	 ﾠ abundances	 ﾠ in	 ﾠ these	 ﾠ environments	 ﾠ 254	 ﾠ12	 ﾠ
	 ﾠ
(Teske	 ﾠ&	 ﾠSorensen,	 ﾠ2008).	 ﾠDeltaproteobacterial	 ﾠabundance	 ﾠat	 ﾠNeedles	 ﾠwas	 ﾠapproximately	 ﾠ4.48	 ﾠ 255	 ﾠ
x	 ﾠ10
5	 ﾠcopies	 ﾠg
-ﾭ‐1	 ﾠsample	 ﾠ(approximately	 ﾠ26%	 ﾠof	 ﾠthe	 ﾠentire	 ﾠbacterial	 ﾠpopulation),	 ﾠthough	 ﾠnone	 ﾠ 256	 ﾠ
were	 ﾠ detected	 ﾠ at	 ﾠ Chowder	 ﾠ Hill	 ﾠ or	 ﾠ Dead	 ﾠ Dog	 ﾠ (data	 ﾠ not	 ﾠ shown).	 ﾠ The	 ﾠ abundance	 ﾠ of	 ﾠ both	 ﾠ 257	 ﾠ
functional	 ﾠgenes	 ﾠfor	 ﾠsulfate	 ﾠreduction,	 ﾠdsrA	 ﾠand	 ﾠaprA,	 ﾠwas	 ﾠgreatest	 ﾠat	 ﾠNeedles	 ﾠand	 ﾠlowest	 ﾠat	 ﾠ 258	 ﾠ
Dead	 ﾠDog	 ﾠ(a	 ﾠpattern	 ﾠsimilar	 ﾠto	 ﾠthat	 ﾠseen	 ﾠin	 ﾠthe	 ﾠ16S	 ﾠrRNA	 ﾠgene	 ﾠabundance	 ﾠestimates;	 ﾠFigure	 ﾠ2B).	 ﾠ 259	 ﾠ
If	 ﾠwe	 ﾠassume	 ﾠan	 ﾠaverage	 ﾠof	 ﾠ1	 ﾠdsrA	 ﾠgene	 ﾠcopy	 ﾠper	 ﾠgenome	 ﾠ(Klein	 ﾠet	 ﾠal.	 ﾠ2001;	 ﾠKondo	 ﾠet	 ﾠal.	 ﾠ2004),	 ﾠ 260	 ﾠ
the	 ﾠproportion	 ﾠof	 ﾠsulfate	 ﾠreducing	 ﾠbacteria	 ﾠin	 ﾠthe	 ﾠbacterial	 ﾠpopulations	 ﾠis	 ﾠonly	 ﾠ2.7%	 ﾠin	 ﾠNeedles	 ﾠ 261	 ﾠ
as	 ﾠcompared	 ﾠwith	 ﾠ28%	 ﾠin	 ﾠDead	 ﾠDog	 ﾠand	 ﾠ53%	 ﾠat	 ﾠChowder	 ﾠHill.	 ﾠ	 ﾠ 262	 ﾠ
Microbial	 ﾠDiversity	 ﾠ 263	 ﾠ
	 ﾠ 454	 ﾠpyrotag	 ﾠsequencing	 ﾠ(bacterial	 ﾠV1-ﾭ‐V3	 ﾠand	 ﾠarchaeal	 ﾠV3-ﾭ‐V4	 ﾠof	 ﾠthe	 ﾠ16S	 ﾠrRNA	 ﾠgene),	 ﾠ 264	 ﾠ
rarefaction	 ﾠanalyses,	 ﾠand	 ﾠdiversity	 ﾠmetrics	 ﾠall	 ﾠrevealed	 ﾠmeasureable	 ﾠdifferences	 ﾠin	 ﾠmicrobial	 ﾠ 265	 ﾠ
community	 ﾠcomposition	 ﾠamong	 ﾠthe	 ﾠthree	 ﾠhydrothermal	 ﾠdeposits	 ﾠ(Figure	 ﾠ3,	 ﾠFigure	 ﾠ4,	 ﾠTable	 ﾠ3).	 ﾠ 266	 ﾠ
Via	 ﾠthese	 ﾠassessments,	 ﾠNeedles	 ﾠhosts	 ﾠthe	 ﾠleast	 ﾠdiverse	 ﾠassemblage	 ﾠof	 ﾠbacteria	 ﾠand	 ﾠarchaea,	 ﾠ 267	 ﾠ
while	 ﾠChowder	 ﾠHill	 ﾠand	 ﾠDead	 ﾠDog	 ﾠhost	 ﾠcommunities	 ﾠof	 ﾠcomparable	 ﾠdiversity.	 ﾠExamination	 ﾠof	 ﾠ 268	 ﾠ
OTUs	 ﾠ at	 ﾠ 97%,	 ﾠ 95%	 ﾠ and	 ﾠ 92%	 ﾠ sequence	 ﾠ similarity	 ﾠ further	 ﾠ reveal	 ﾠ differences	 ﾠ in	 ﾠ microbial	 ﾠ 269	 ﾠ
community	 ﾠmembership	 ﾠamong	 ﾠthe	 ﾠthree	 ﾠsites.	 ﾠAmong	 ﾠarchaea	 ﾠat	 ﾠthe	 ﾠ97%	 ﾠlevel,	 ﾠonly	 ﾠtwo	 ﾠ 270	 ﾠ
archaeal	 ﾠ OTUs	 ﾠ (1%	 ﾠ of	 ﾠ all	 ﾠ archaeal	 ﾠ OTUs	 ﾠ classified)	 ﾠ are	 ﾠ shared	 ﾠ among	 ﾠ the	 ﾠ hydrothermal	 ﾠ 271	 ﾠ
deposits.	 ﾠThe	 ﾠsequences	 ﾠclassified	 ﾠto	 ﾠthese	 ﾠOTUs	 ﾠrepresent	 ﾠ69%,	 ﾠ48%	 ﾠand	 ﾠ18%	 ﾠof	 ﾠall	 ﾠthe	 ﾠlibrary	 ﾠ 272	 ﾠ
sequences	 ﾠfrom	 ﾠNeedles,	 ﾠDead	 ﾠDog	 ﾠand	 ﾠChowder	 ﾠHill	 ﾠrespectively.	 ﾠOne	 ﾠof	 ﾠthese	 ﾠOTUs	 ﾠis	 ﾠallied	 ﾠ 273	 ﾠ
to	 ﾠthe	 ﾠammonium	 ﾠoxidizing	 ﾠarchaeal	 ﾠCandidatus	 ﾠCenarchaeum	 ﾠin	 ﾠthe	 ﾠphylum	 ﾠThaumarchaeota,	 ﾠ 274	 ﾠ
and	 ﾠ accounts	 ﾠ for	 ﾠ 35%	 ﾠ of	 ﾠ Needles	 ﾠ and	 ﾠ less	 ﾠ than	 ﾠ 5.0%	 ﾠ of	 ﾠ Dead	 ﾠ Dog	 ﾠ or	 ﾠ Chowder	 ﾠ Hill	 ﾠ library	 ﾠ 275	 ﾠ
sequences.	 ﾠThe	 ﾠother	 ﾠOTU	 ﾠis	 ﾠallied	 ﾠto	 ﾠa	 ﾠthermophilic	 ﾠsulfur	 ﾠrespiring	 ﾠarchaeon	 ﾠwithin	 ﾠthe	 ﾠclass	 ﾠ 276	 ﾠ13	 ﾠ
	 ﾠ
Thermoplasmata.	 ﾠNearly	 ﾠ40%	 ﾠof	 ﾠthe	 ﾠarchaeal	 ﾠsequences	 ﾠfrom	 ﾠDead	 ﾠDog	 ﾠwere	 ﾠallied	 ﾠto	 ﾠthis	 ﾠ 277	 ﾠ
archaeon.	 ﾠ Methanogens	 ﾠ allied	 ﾠ to	 ﾠ Methanocaldococus	 ﾠ comprised	 ﾠ about	 ﾠ 1.0%	 ﾠ of	 ﾠ the	 ﾠ total	 ﾠ 278	 ﾠ
archaeal	 ﾠsequences	 ﾠfrom	 ﾠDead	 ﾠDog,	 ﾠand	 ﾠwere	 ﾠnot	 ﾠrepresented	 ﾠin	 ﾠthe	 ﾠlibraries	 ﾠfrom	 ﾠChowder	 ﾠ 279	 ﾠ
Hill	 ﾠor	 ﾠNeedles.	 ﾠMost	 ﾠof	 ﾠthe	 ﾠarchaeal	 ﾠdiversity	 ﾠat	 ﾠChowder	 ﾠHill	 ﾠ(80%	 ﾠof	 ﾠsequences)	 ﾠand	 ﾠDead	 ﾠ 280	 ﾠ
Dog	 ﾠ(50%	 ﾠof	 ﾠsequences)	 ﾠwas	 ﾠunclassified.	 ﾠNo	 ﾠsequences	 ﾠallied	 ﾠto	 ﾠtrue	 ﾠsulfate	 ﾠreducing	 ﾠarchaeal	 ﾠ 281	 ﾠ
lineages	 ﾠsuch	 ﾠas	 ﾠArchaeoglobus	 ﾠfugilis	 ﾠor	 ﾠAciduliprofundus	 ﾠboonei	 ﾠwere	 ﾠrecovered.	 ﾠHowever,	 ﾠ 282	 ﾠ
the	 ﾠpotential	 ﾠdiversity	 ﾠof	 ﾠthermophilic	 ﾠsulfate	 ﾠreducing	 ﾠarchaea	 ﾠin	 ﾠthese	 ﾠsamples	 ﾠis	 ﾠlikely	 ﾠmuch	 ﾠ 283	 ﾠ
greater	 ﾠ than	 ﾠ suggested	 ﾠ here.	 ﾠ This	 ﾠ may	 ﾠ be	 ﾠ explained	 ﾠ in	 ﾠ part	 ﾠ by	 ﾠ biases	 ﾠ underlying	 ﾠ DNA	 ﾠ 284	 ﾠ
extractions,	 ﾠprimer	 ﾠbinding	 ﾠand	 ﾠsequencing.	 ﾠ	 ﾠFor	 ﾠexample	 ﾠthe	 ﾠarchaeal	 ﾠsequencing	 ﾠprimers	 ﾠused	 ﾠ 285	 ﾠ
in	 ﾠthis	 ﾠstudy	 ﾠonly	 ﾠtarget	 ﾠabout	 ﾠone	 ﾠthird	 ﾠ(34%,	 ﾠas	 ﾠassayed	 ﾠby	 ﾠProbe	 ﾠMatch;	 ﾠCole	 ﾠet	 ﾠal.	 ﾠ2005)	 ﾠof	 ﾠ 286	 ﾠ
the	 ﾠArchaeoglous-ﾭ‐like	 ﾠsequences	 ﾠcontained	 ﾠin	 ﾠthe	 ﾠRDP	 ﾠdatabase.	 ﾠFurthermore,	 ﾠthe	 ﾠprimers	 ﾠmay	 ﾠ 287	 ﾠ
miss	 ﾠ members	 ﾠ of	 ﾠ the	 ﾠ dominant	 ﾠ Thermoplasmatales	 ﾠ as	 ﾠ in	 ﾠ silico	 ﾠ analysis	 ﾠ only	 ﾠ returns	 ﾠ 48%	 ﾠ 288	 ﾠ
(1715/3558	 ﾠsequences)	 ﾠof	 ﾠthe	 ﾠRDP	 ﾠreported	 ﾠsequences.	 ﾠIn	 ﾠtotal,	 ﾠthese	 ﾠarchaeal	 ﾠsequencing	 ﾠ 289	 ﾠ
primers	 ﾠ(349F-ﾭ‐806R)	 ﾠmiss	 ﾠ42%	 ﾠof	 ﾠthe	 ﾠtotal	 ﾠarchaeal	 ﾠsequences	 ﾠ(67713/117373	 ﾠsequences)	 ﾠin	 ﾠ 290	 ﾠ
the	 ﾠRDP	 ﾠdatabase.	 ﾠSimilar	 ﾠbias	 ﾠhas	 ﾠbeen	 ﾠreported	 ﾠin	 ﾠother	 ﾠstudies	 ﾠin	 ﾠthe	 ﾠdeep	 ﾠsea	 ﾠand	 ﾠdeep	 ﾠ 291	 ﾠ
subsurface	 ﾠbiotopes	 ﾠ(e.g.	 ﾠDhillion	 ﾠet	 ﾠal.,	 ﾠ2003,	 ﾠ2005,	 ﾠTeske	 ﾠet	 ﾠal.	 ﾠ2007).	 ﾠ 292	 ﾠ
	 ﾠ	 ﾠAmong	 ﾠbacteria	 ﾠat	 ﾠthe	 ﾠ97%	 ﾠsimilarity	 ﾠlevel,	 ﾠ54	 ﾠof	 ﾠthe	 ﾠbacterial	 ﾠOTUs	 ﾠclassified	 ﾠ(7.0%)	 ﾠ 293	 ﾠ
were	 ﾠ shared	 ﾠ among	 ﾠ all	 ﾠ hydrothermal	 ﾠ deposits,	 ﾠ and	 ﾠ account	 ﾠ for	 ﾠ 84%,	 ﾠ 80%,	 ﾠ 71%	 ﾠ of	 ﾠ the	 ﾠ 294	 ﾠ
sequences	 ﾠfrom	 ﾠChowder	 ﾠHill,	 ﾠNeedles	 ﾠand	 ﾠDead	 ﾠDog	 ﾠrespectively	 ﾠ(Figure4).	 ﾠOne	 ﾠof	 ﾠthese	 ﾠOTUs	 ﾠ 295	 ﾠ
accounted	 ﾠfor	 ﾠ44%,	 ﾠ36%	 ﾠand	 ﾠ25%	 ﾠof	 ﾠthe	 ﾠsequences	 ﾠfrom	 ﾠChowder	 ﾠHill,	 ﾠDead	 ﾠDog	 ﾠand	 ﾠNeedles	 ﾠ 296	 ﾠ
respectively.	 ﾠAligning	 ﾠrepresentative	 ﾠsequences	 ﾠfrom	 ﾠthis	 ﾠOTU	 ﾠvia	 ﾠBlast-ﾭ‐n	 ﾠ(Altschul	 ﾠet	 ﾠal.	 ﾠ1997)	 ﾠ 297	 ﾠ
reveals	 ﾠ a	 ﾠ best	 ﾠ match	 ﾠ to	 ﾠ Thermodesulfovibrio,	 ﾠ an	 ﾠ anaerobic,	 ﾠ thermophilic,	 ﾠ sulfate-ﾭ‐reducing	 ﾠ 298	 ﾠ14	 ﾠ
	 ﾠ
bacterium,	 ﾠfrom	 ﾠthe	 ﾠphylum	 ﾠNitrospira	 ﾠ(81%	 ﾠidentity).	 ﾠGiven	 ﾠits	 ﾠabundance,	 ﾠwe	 ﾠpostulate	 ﾠthat	 ﾠit	 ﾠ 299	 ﾠ
likely	 ﾠcontributes	 ﾠsubstantially	 ﾠto	 ﾠthe	 ﾠhigh	 ﾠthermophilic	 ﾠsulfate	 ﾠreduction	 ﾠrates.	 ﾠFurthermore,	 ﾠ 300	 ﾠ
the	 ﾠ dsrB	 ﾠ gene	 ﾠ library	 ﾠ was	 ﾠ dominated	 ﾠ by	 ﾠ sequences	 ﾠ phylogenetically	 ﾠ allied	 ﾠ to	 ﾠ 301	 ﾠ
Thermodesulfovibrio	 ﾠ (Supplemental	 ﾠ Table	 ﾠ S1).	 ﾠ Other	 ﾠ dominant	 ﾠ groups	 ﾠ of	 ﾠ bacteria	 ﾠ include	 ﾠ 302	 ﾠ
members	 ﾠ of	 ﾠ the	 ﾠ Gammaproteobacteria,	 ﾠ Bacteroidetes,	 ﾠ Deltaproteobacteria	 ﾠ and	 ﾠ α-ﾭ‐ 303	 ﾠ
proteobacteria.	 ﾠVia	 ﾠBlast-ﾭ‐n,	 ﾠmost	 ﾠof	 ﾠthe	 ﾠunclassified	 ﾠsequences	 ﾠmatched	 ﾠto	 ﾠpartial	 ﾠ16S	 ﾠrRNA	 ﾠ 304	 ﾠ
gene	 ﾠsequences	 ﾠfrom	 ﾠhydrothermal	 ﾠvent	 ﾠfluid	 ﾠcommunities	 ﾠ(Nunoura	 ﾠet	 ﾠal.	 ﾠ2010;	 ﾠSylvan	 ﾠet	 ﾠal.	 ﾠ 305	 ﾠ
2012).	 ﾠSequences	 ﾠclassified	 ﾠas	 ﾠDeltaproteobacteria	 ﾠcomprised	 ﾠ5.5%,	 ﾠ8.2%,	 ﾠor	 ﾠ14%,	 ﾠof	 ﾠthe	 ﾠtotal	 ﾠ 306	 ﾠ
population	 ﾠof	 ﾠChowder	 ﾠHill,	 ﾠNeedles,	 ﾠor	 ﾠDead	 ﾠDog	 ﾠrespectively.	 ﾠWhile	 ﾠDead	 ﾠDog	 ﾠmay	 ﾠhave	 ﾠhad	 ﾠ 307	 ﾠ
the	 ﾠhighest	 ﾠproportion	 ﾠof	 ﾠits	 ﾠamplicons	 ﾠclassified	 ﾠas	 ﾠDeltaproteobacteria,	 ﾠsequences	 ﾠrelated	 ﾠto	 ﾠ 308	 ﾠ
known	 ﾠ sulfate	 ﾠ reducers	 ﾠ within	 ﾠ the	 ﾠ Deltaproteobacteria	 ﾠ (Desulfobacteraceae,	 ﾠ Desulfobulbus	 ﾠ 309	 ﾠ
rhabdoformis,	 ﾠDesulfovibrio)	 ﾠwere	 ﾠonly	 ﾠfound	 ﾠat	 ﾠNeedles	 ﾠand	 ﾠcomprised	 ﾠ1.1%	 ﾠof	 ﾠthe	 ﾠ16S	 ﾠrRNA	 ﾠ 310	 ﾠ
gene	 ﾠlibrary.	 ﾠThe	 ﾠmajority	 ﾠof	 ﾠthe	 ﾠsequences	 ﾠclassified	 ﾠas	 ﾠDeltaproteobacteria	 ﾠin	 ﾠeach	 ﾠof	 ﾠthe	 ﾠ 311	 ﾠ
three	 ﾠsites	 ﾠwere	 ﾠfrom	 ﾠone	 ﾠunclassified	 ﾠDeltaproteobacterial	 ﾠOTU	 ﾠconsisting	 ﾠof	 ﾠ4.4,	 ﾠ5.3,	 ﾠand	 ﾠ13%	 ﾠ 312	 ﾠ
of	 ﾠthe	 ﾠsequences	 ﾠfrom	 ﾠChowder	 ﾠHill,	 ﾠNeedles	 ﾠand	 ﾠDead	 ﾠDog	 ﾠrespectively.	 ﾠ	 ﾠ 313	 ﾠ
DISCUSSION	 ﾠ 314	 ﾠ
Sulfate	 ﾠreduction	 ﾠrates	 ﾠmeasured	 ﾠin	 ﾠdeposits	 ﾠrecovered	 ﾠfrom	 ﾠthe	 ﾠMiddle	 ﾠValley	 ﾠvent	 ﾠ 315	 ﾠ
field	 ﾠ reveal	 ﾠ the	 ﾠ potential	 ﾠ for	 ﾠ active	 ﾠ sulfate	 ﾠ reduction	 ﾠ within	 ﾠ hydrothermal	 ﾠ deposits.	 ﾠ The	 ﾠ 316	 ﾠ
magnitude	 ﾠof	 ﾠall	 ﾠmeasured	 ﾠrates	 ﾠ(from	 ﾠ15.7	 ﾠnmol	 ﾠg
-ﾭ‐1	 ﾠday
-ﾭ‐1	 ﾠat	 ﾠDead	 ﾠDog	 ﾠat	 ﾠ60°C	 ﾠto	 ﾠ2670	 ﾠnmol	 ﾠg
-ﾭ‐1	 ﾠ 317	 ﾠ
day
-ﾭ‐1	 ﾠ at	 ﾠ Needles	 ﾠ at	 ﾠ 90°C)	 ﾠ under	 ﾠ experimental	 ﾠ conditions	 ﾠ were	 ﾠ markedly	 ﾠ higher	 ﾠ than	 ﾠ those	 ﾠ 318	 ﾠ
typically	 ﾠobserved	 ﾠin	 ﾠnon	 ﾠhydrothermal	 ﾠdeep	 ﾠsea	 ﾠsediments	 ﾠ(0.1-ﾭ‐10	 ﾠnmol	 ﾠg
-ﾭ‐1	 ﾠday
-ﾭ‐1,	 ﾠconverted	 ﾠ 319	 ﾠ
here	 ﾠfor	 ﾠcomparison	 ﾠassuming	 ﾠan	 ﾠaverage	 ﾠsediment	 ﾠdensity	 ﾠof	 ﾠ2	 ﾠg	 ﾠcm
-ﾭ‐3;	 ﾠElsgaard,	 ﾠIsaksen,	 ﾠet	 ﾠal.	 ﾠ 320	 ﾠ15	 ﾠ
	 ﾠ
1994;	 ﾠWeber	 ﾠ&	 ﾠJorgensen,	 ﾠ2002;	 ﾠJoye	 ﾠet	 ﾠal.	 ﾠ2004).	 ﾠThese	 ﾠrates	 ﾠare	 ﾠcomparable	 ﾠin	 ﾠmagnitude	 ﾠto	 ﾠ 321	 ﾠ
those	 ﾠpreviously	 ﾠobserved	 ﾠin	 ﾠhydrothermally	 ﾠinfluenced	 ﾠsediments	 ﾠ(eg.	 ﾠGuaymas	 ﾠbasin	 ﾠor	 ﾠLake	 ﾠ 322	 ﾠ
Tanganyika	 ﾠ(Weber	 ﾠ&	 ﾠJorgensen,	 ﾠ2002;	 ﾠKallmeyer	 ﾠ&	 ﾠBoetius,	 ﾠ2004;	 ﾠElsgaard,	 ﾠIsaksen,	 ﾠet	 ﾠal.	 ﾠ 323	 ﾠ
1994;	 ﾠElsgaard,	 ﾠPrieur,	 ﾠet	 ﾠal.	 ﾠ1994),	 ﾠeven	 ﾠthough	 ﾠthe	 ﾠavailability	 ﾠof	 ﾠorganic	 ﾠcarbon	 ﾠis	 ﾠmarkedly	 ﾠ 324	 ﾠ
higher	 ﾠin	 ﾠthese	 ﾠhydrothermal	 ﾠvent	 ﾠsediments,	 ﾠwith	 ﾠGuaymas	 ﾠhaving	 ﾠup	 ﾠto	 ﾠ200-ﾭ‐times	 ﾠgreater	 ﾠ 325	 ﾠ
concentrations	 ﾠof	 ﾠorganic	 ﾠcarbon	 ﾠ(Lang	 ﾠet	 ﾠal.	 ﾠ2006;	 ﾠCruse	 ﾠ&	 ﾠSeewald,	 ﾠ2006;	 ﾠChen	 ﾠet	 ﾠal.	 ﾠ1993).	 ﾠ 326	 ﾠ
To	 ﾠdate,	 ﾠthe	 ﾠonly	 ﾠother	 ﾠmeasurement	 ﾠof	 ﾠsulfate	 ﾠreduction	 ﾠfrom	 ﾠsulfide	 ﾠdeposits	 ﾠalong	 ﾠthe	 ﾠEast	 ﾠ 327	 ﾠ
Pacific	 ﾠRise	 ﾠexhibited	 ﾠrates	 ﾠcomparable	 ﾠto	 ﾠthose	 ﾠreported	 ﾠhere,	 ﾠ(Bonch-ﾭ‐Osmolovskaya	 ﾠet	 ﾠal.	 ﾠ 328	 ﾠ
2011),	 ﾠbut	 ﾠit	 ﾠshould	 ﾠbe	 ﾠnoted	 ﾠthat	 ﾠtheir	 ﾠsamples	 ﾠwere	 ﾠincubated	 ﾠunder	 ﾠpure	 ﾠH2	 ﾠatmosphere.	 ﾠ 329	 ﾠ
Notably,	 ﾠthe	 ﾠmaximum	 ﾠrates	 ﾠof	 ﾠsulfate	 ﾠreduction	 ﾠin	 ﾠMiddle	 ﾠValley	 ﾠsulfides	 ﾠoccurred	 ﾠat	 ﾠ 330	 ﾠ
90°C	 ﾠ in	 ﾠ all	 ﾠ three	 ﾠ deposits.	 ﾠ This	 ﾠ is	 ﾠ in	 ﾠ contrast	 ﾠ to	 ﾠ measurements	 ﾠ of	 ﾠ sulfate	 ﾠ reduction	 ﾠ in	 ﾠ 331	 ﾠ
hydrothermal	 ﾠsediments,	 ﾠwhere	 ﾠthe	 ﾠgreatest	 ﾠrates	 ﾠare	 ﾠoften	 ﾠobserved	 ﾠbetween	 ﾠ40-ﾭ‐70°C,	 ﾠand	 ﾠ 332	 ﾠ
more	 ﾠ modest	 ﾠ rates	 ﾠ of	 ﾠ sulfate	 ﾠ reduction	 ﾠ have	 ﾠ been	 ﾠ reported	 ﾠ between	 ﾠ 80-ﾭ‐91°C	 ﾠ (Weber	 ﾠ &	 ﾠ 333	 ﾠ
Jorgensen,	 ﾠ2002;	 ﾠElsgaard,	 ﾠPrieur,	 ﾠet	 ﾠal.	 ﾠ1994;	 ﾠElsgaard,	 ﾠIsaksen,	 ﾠet	 ﾠal.	 ﾠ1994).	 ﾠThe	 ﾠrelatively	 ﾠlow	 ﾠ 334	 ﾠ
or	 ﾠinsignificant	 ﾠsulfate	 ﾠreduction	 ﾠrates	 ﾠbetween	 ﾠ4-ﾭ‐80°C	 ﾠsuggest	 ﾠMiddle	 ﾠValley	 ﾠdeposits	 ﾠharbor	 ﾠa	 ﾠ 335	 ﾠ
high	 ﾠproportion	 ﾠof	 ﾠhyperthermophilic	 ﾠsulfate-ﾭ‐reducing	 ﾠmicrobes.	 ﾠ	 ﾠ 336	 ﾠ
The	 ﾠsignificant	 ﾠdifferences	 ﾠin	 ﾠthe	 ﾠrates	 ﾠwe	 ﾠobserved	 ﾠamong	 ﾠdeposits	 ﾠ(Kruskal-ﾭ‐Wallis,	 ﾠ 337	 ﾠ
p<0.0001)	 ﾠ are	 ﾠ likely	 ﾠ due	 ﾠ to	 ﾠ differences	 ﾠ in	 ﾠ biomass	 ﾠ and	 ﾠ the	 ﾠ composition	 ﾠ of	 ﾠ microbial	 ﾠ 338	 ﾠ
communities	 ﾠ that	 ﾠ are	 ﾠ influenced	 ﾠ by	 ﾠ the	 ﾠ geochemistry	 ﾠ of	 ﾠ each	 ﾠ deposit.	 ﾠ Indeed,	 ﾠ microbial	 ﾠ 339	 ﾠ
biomass	 ﾠ(as	 ﾠestimated	 ﾠby	 ﾠ16S	 ﾠrRNA	 ﾠgenes)	 ﾠdirectly	 ﾠcorrelates	 ﾠto	 ﾠrates	 ﾠof	 ﾠactivity	 ﾠand	 ﾠis	 ﾠlikely	 ﾠ 340	 ﾠ
one	 ﾠ of	 ﾠ the	 ﾠ strongest	 ﾠ factors	 ﾠ affecting	 ﾠ the	 ﾠ observed	 ﾠ rates	 ﾠ of	 ﾠ sulfate	 ﾠ reduction	 ﾠ (Pearson	 ﾠ 341	 ﾠ
correlation	 ﾠcoefficient	 ﾠr=0.879,	 ﾠp<0.0005).	 ﾠNeedles	 ﾠhad	 ﾠboth	 ﾠthe	 ﾠhighest	 ﾠobserved	 ﾠrates	 ﾠas	 ﾠwell	 ﾠ 342	 ﾠ16	 ﾠ
	 ﾠ
as	 ﾠthe	 ﾠhighest	 ﾠcell	 ﾠdensity	 ﾠ(Figure	 ﾠ2	 ﾠand	 ﾠ3).	 ﾠOf	 ﾠall	 ﾠthe	 ﾠdeposits	 ﾠsampled,	 ﾠNeedles	 ﾠhad	 ﾠthe	 ﾠlowest	 ﾠ 343	 ﾠ
venting	 ﾠ fluid	 ﾠ temperature	 ﾠ (123°C)	 ﾠ resulting	 ﾠ in	 ﾠ the	 ﾠ largest	 ﾠ zone	 ﾠ of	 ﾠ microbial	 ﾠ habitability.	 ﾠ 344	 ﾠ
Consistent	 ﾠwith	 ﾠthis,	 ﾠNeedles	 ﾠalso	 ﾠhad	 ﾠthe	 ﾠgreatest	 ﾠabundance	 ﾠof	 ﾠdsrA	 ﾠand	 ﾠaprA	 ﾠgenes	 ﾠper	 ﾠ 345	 ﾠ
gram,	 ﾠ suggesting	 ﾠ a	 ﾠ larger	 ﾠ potential	 ﾠ sulfate	 ﾠ reducing	 ﾠ community.	 ﾠ Here,	 ﾠ Deltaproteobacteria	 ﾠ 346	 ﾠ
allied	 ﾠto	 ﾠDesulfovibrio,	 ﾠDesulfobulbus,	 ﾠDesulfobacteria,	 ﾠand	 ﾠDesulfuromonas	 ﾠaccount	 ﾠfor	 ﾠ25.7%	 ﾠ 347	 ﾠ
of	 ﾠ the	 ﾠ bacterial	 ﾠ community.	 ﾠ These	 ﾠ clades	 ﾠ of	 ﾠ Deltaproteobacteria	 ﾠ were	 ﾠ not	 ﾠ observed	 ﾠ at	 ﾠ 348	 ﾠ
Chowder	 ﾠ Hill	 ﾠ or	 ﾠ Dead	 ﾠ Dog	 ﾠ by	 ﾠ either	 ﾠ qPCR	 ﾠ enumeration	 ﾠ or	 ﾠ pyrosequencing.	 ﾠ Cultured	 ﾠ 349	 ﾠ
representatives	 ﾠ from	 ﾠ some	 ﾠ of	 ﾠ these	 ﾠ Deltaproteobacterial	 ﾠ clades	 ﾠ (Desulfovibrio	 ﾠ vulgaris	 ﾠ and	 ﾠ 350	 ﾠ
Desulfovibrio	 ﾠdesulfuricans)	 ﾠhave	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠreduce	 ﾠsulfate	 ﾠat	 ﾠhigh	 ﾠrates	 ﾠ(ranging	 ﾠfrom	 ﾠ10-ﾭ‐ 351	 ﾠ
1340	 ﾠnmol	 ﾠmin
-ﾭ‐1	 ﾠmg
-ﾭ‐1	 ﾠprotein)	 ﾠwith	 ﾠvarying	 ﾠelectron	 ﾠdonors	 ﾠ(Fitz	 ﾠ&	 ﾠCypionka,	 ﾠ1991;	 ﾠCypionka	 ﾠ&	 ﾠ 352	 ﾠ
Konstanz,	 ﾠ1989).	 ﾠ	 ﾠ 353	 ﾠ
Thermodesulfovibrio-ﾭ‐like	 ﾠorganisms	 ﾠdominated	 ﾠthe	 ﾠbacterial	 ﾠcommunities	 ﾠwithin	 ﾠeach	 ﾠ 354	 ﾠ
hydrothermal	 ﾠ deposit	 ﾠ (35-ﾭ‐44%;	 ﾠ Fig.	 ﾠ 4).	 ﾠ Thermodesulfovibrio	 ﾠ sp.	 ﾠ are	 ﾠ considered	 ﾠ obligately	 ﾠ 355	 ﾠ
anaerobic,	 ﾠthermophilic	 ﾠbacteria	 ﾠthat	 ﾠcan	 ﾠreduce	 ﾠsulfate	 ﾠand	 ﾠother	 ﾠsulfur	 ﾠcompounds	 ﾠ(Garrity	 ﾠ&	 ﾠ 356	 ﾠ
Holt,	 ﾠ2001).	 ﾠIn	 ﾠpure	 ﾠcultures,	 ﾠmembers	 ﾠof	 ﾠthis	 ﾠgenus	 ﾠare	 ﾠable	 ﾠto	 ﾠlink	 ﾠgrowth	 ﾠwith	 ﾠhydrogen	 ﾠand	 ﾠ 357	 ﾠ
a	 ﾠ limited	 ﾠ range	 ﾠ of	 ﾠ organic	 ﾠ carbon	 ﾠ molecules	 ﾠ (formate,	 ﾠ pyruvate	 ﾠ and	 ﾠ lactate),	 ﾠ maintaining	 ﾠ 358	 ﾠ
optimal	 ﾠgrowth	 ﾠbetween	 ﾠ55-ﾭ‐70°C	 ﾠ(Sekiguchi	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠNeedles	 ﾠhas	 ﾠa	 ﾠgreater	 ﾠproportion	 ﾠof	 ﾠ 359	 ﾠ
sequences	 ﾠ(from	 ﾠpyrosequencing)	 ﾠrelated	 ﾠto	 ﾠThermodesulfovibrio-ﾭ‐like	 ﾠspecies	 ﾠthan	 ﾠthe	 ﾠother	 ﾠ 360	 ﾠ
two	 ﾠdeposits.	 ﾠThe	 ﾠcombination	 ﾠof	 ﾠmany	 ﾠsequences	 ﾠrelated	 ﾠto	 ﾠa	 ﾠthermophilic	 ﾠsulfate	 ﾠreducing	 ﾠ 361	 ﾠ
bacteria	 ﾠand	 ﾠhigher	 ﾠrates	 ﾠof	 ﾠsulfate	 ﾠreduction	 ﾠat	 ﾠelevated	 ﾠtemperatures	 ﾠand	 ﾠthe,	 ﾠsuggests	 ﾠthat	 ﾠ 362	 ﾠ
Thermodesulfovibrio-ﾭ‐like	 ﾠ organisms	 ﾠ may	 ﾠ play	 ﾠ a	 ﾠ role	 ﾠ in	 ﾠ sulfate	 ﾠ reduction	 ﾠ in	 ﾠ warmer	 ﾠ 363	 ﾠ
environments.	 ﾠ However,	 ﾠ constraining	 ﾠ the	 ﾠ relative	 ﾠ proportion	 ﾠ of	 ﾠ sulfate	 ﾠ reduction	 ﾠ by	 ﾠ 364	 ﾠ17	 ﾠ
	 ﾠ
Thermodesulfovibrio-ﾭ‐like	 ﾠorganisms	 ﾠin	 ﾠthese	 ﾠmixed	 ﾠcommunities	 ﾠwas	 ﾠbeyond	 ﾠthe	 ﾠscope	 ﾠof	 ﾠthis	 ﾠ 365	 ﾠ
study.	 ﾠ	 ﾠ 366	 ﾠ
It	 ﾠis	 ﾠunclear	 ﾠwhy	 ﾠChowder	 ﾠHill	 ﾠand	 ﾠDead	 ﾠDog	 ﾠexhibit	 ﾠlarge	 ﾠdifferences	 ﾠin	 ﾠrates	 ﾠof	 ﾠsulfate	 ﾠ 367	 ﾠ
reduction	 ﾠdespite	 ﾠother	 ﾠsimilarities	 ﾠin	 ﾠgeochemistry	 ﾠand	 ﾠbiomass.	 ﾠOne	 ﾠplausible	 ﾠexplanation	 ﾠ 368	 ﾠ
might	 ﾠbe	 ﾠthat	 ﾠdifferent	 ﾠtypes	 ﾠof	 ﾠbiological	 ﾠinteractions	 ﾠ(e.g.	 ﾠsyntrophy	 ﾠor	 ﾠcompetition)	 ﾠoccur	 ﾠ 369	 ﾠ
due	 ﾠto	 ﾠdifferences	 ﾠin	 ﾠthe	 ﾠcomposition	 ﾠand	 ﾠdistribution	 ﾠof	 ﾠmicrobial	 ﾠcommunities	 ﾠwithin	 ﾠthe	 ﾠ 370	 ﾠ
mineral	 ﾠmatrix	 ﾠof	 ﾠeach	 ﾠdeposit.	 ﾠ	 ﾠSlight	 ﾠdifferences	 ﾠin	 ﾠcommunity	 ﾠcomposition,	 ﾠlike	 ﾠDead	 ﾠDog	 ﾠ 371	 ﾠ
having	 ﾠa	 ﾠhigher	 ﾠrepresentation	 ﾠof	 ﾠsequences	 ﾠrelated	 ﾠto	 ﾠsulfur	 ﾠrespiring	 ﾠ(Thermoplasmata)	 ﾠand	 ﾠ 372	 ﾠ
methanogenic	 ﾠ (Methanocaldococus-ﾭ‐like)	 ﾠ archaea	 ﾠ than	 ﾠ Chowder	 ﾠ Hill,	 ﾠ may	 ﾠ lead	 ﾠ to	 ﾠ biological	 ﾠ 373	 ﾠ
interactions	 ﾠthat	 ﾠhave	 ﾠdifferent	 ﾠimplications	 ﾠfor	 ﾠrates	 ﾠof	 ﾠsulfate	 ﾠreduction	 ﾠin	 ﾠeach	 ﾠdeposit.	 ﾠ	 ﾠAlso,	 ﾠ 374	 ﾠ
substrate	 ﾠcompetition	 ﾠfor	 ﾠH2	 ﾠor	 ﾠconsumption	 ﾠof	 ﾠlocally	 ﾠproduced	 ﾠDOC	 ﾠ(Oremland	 ﾠ&	 ﾠPolcin,	 ﾠ 375	 ﾠ
1982;	 ﾠLovley	 ﾠ&	 ﾠPhillips,	 ﾠ1987)	 ﾠmay	 ﾠbe	 ﾠmore	 ﾠprevalent	 ﾠin	 ﾠone	 ﾠdeposit	 ﾠover	 ﾠanother.	 ﾠFuture	 ﾠ 376	 ﾠ
experiments	 ﾠshould	 ﾠaim	 ﾠto	 ﾠbetter	 ﾠresolve	 ﾠhow	 ﾠspecific	 ﾠinteraction	 ﾠbetween	 ﾠpopulations,	 ﾠfor	 ﾠ 377	 ﾠ
example,	 ﾠsyntrophy	 ﾠor	 ﾠcompetition	 ﾠfor	 ﾠa	 ﾠcommon	 ﾠsubstrate,	 ﾠmay	 ﾠinfluence	 ﾠsulfate	 ﾠreduction.	 ﾠ	 ﾠ 378	 ﾠ
The	 ﾠrelevance	 ﾠof	 ﾠheterotrophic	 ﾠsulfate	 ﾠreduction	 ﾠon	 ﾠhydrothermal	 ﾠvent	 ﾠbiomass	 ﾠproduction	 ﾠ 379	 ﾠ
and	 ﾠbiogeochemistry	 ﾠ 380	 ﾠ
Heterotrophic	 ﾠsulfate	 ﾠreduction	 ﾠis	 ﾠlikely	 ﾠa	 ﾠprominent	 ﾠmetabolic	 ﾠmode	 ﾠwithin	 ﾠMiddle	 ﾠ 381	 ﾠ
Valley	 ﾠsulfides	 ﾠand	 ﾠsediments,	 ﾠand	 ﾠthe	 ﾠsulfate	 ﾠreduction	 ﾠrate	 ﾠdata	 ﾠherein	 ﾠ(which	 ﾠsolely	 ﾠmeasure	 ﾠ 382	 ﾠ
hetrotrophic	 ﾠ sulfate	 ﾠ reduction)	 ﾠ support	 ﾠ that	 ﾠ supposition.	 ﾠ Sedimented	 ﾠ vent	 ﾠ fields	 ﾠ typically	 ﾠ 383	 ﾠ
contain	 ﾠ allochthonous	 ﾠ organic	 ﾠ carbon	 ﾠ that	 ﾠ could	 ﾠ readily	 ﾠ support	 ﾠ heterotrophy.	 ﾠ Indeed,	 ﾠ at	 ﾠ 384	 ﾠ
Middle	 ﾠValley,	 ﾠbottom	 ﾠwaters	 ﾠcontain	 ﾠ3.5	 ﾠmg	 ﾠDOC/L	 ﾠ(about	 ﾠ7	 ﾠfold	 ﾠhigher	 ﾠthan	 ﾠthe	 ﾠoverlying	 ﾠ 385	 ﾠ
surface	 ﾠ seawater),	 ﾠ while	 ﾠ porewater	 ﾠ concentrations	 ﾠ range	 ﾠ from	 ﾠ 0.1	 ﾠ –	 ﾠ 84.0	 ﾠ mg	 ﾠ DOC/L	 ﾠ at	 ﾠ 386	 ﾠ18	 ﾠ
	 ﾠ
sediment	 ﾠdepths	 ﾠto	 ﾠ200	 ﾠmbsf	 ﾠ(Ran	 ﾠ&	 ﾠSimoneit,	 ﾠ1994).	 ﾠBased	 ﾠon	 ﾠdata	 ﾠfrom	 ﾠculture	 ﾠstudies	 ﾠof	 ﾠ 387	 ﾠ
Desulfovibrio	 ﾠstrains,	 ﾠincluding	 ﾠthe	 ﾠH
+/H2	 ﾠratio	 ﾠof	 ﾠ1.0	 ﾠfor	 ﾠDesulfovibrio	 ﾠvulgarius	 ﾠMarburg	 ﾠ(Fitz	 ﾠ&	 ﾠ 388	 ﾠ
Cypionka,	 ﾠ1991),	 ﾠthe	 ﾠP/2e
-ﾭ‐	 ﾠratio	 ﾠ(number	 ﾠof	 ﾠATPs	 ﾠproduced	 ﾠfor	 ﾠevery	 ﾠ2	 ﾠelectrons	 ﾠtransferred	 ﾠto	 ﾠ 389	 ﾠ
an	 ﾠelectron	 ﾠacceptor)	 ﾠof	 ﾠ1/3	 ﾠfor	 ﾠDesulfovibrio	 ﾠgigas	 ﾠ(Barton	 ﾠet	 ﾠal.	 ﾠ1983),	 ﾠand	 ﾠthe	 ﾠassumption	 ﾠ 390	 ﾠ
that	 ﾠ10%	 ﾠof	 ﾠATP	 ﾠproduction	 ﾠsupports	 ﾠgrowth	 ﾠ(20	 ﾠmmol	 ﾠATP	 ﾠper	 ﾠgram	 ﾠbiomass),	 ﾠour	 ﾠestimates	 ﾠ 391	 ﾠ
suggest	 ﾠthat	 ﾠ-ﾭ‐	 ﾠat	 ﾠour	 ﾠmaximum	 ﾠempirically	 ﾠmeasured	 ﾠrates	 ﾠ-ﾭ‐	 ﾠheterotrophic	 ﾠsulfate	 ﾠreduction	 ﾠ 392	 ﾠ
could	 ﾠsupport	 ﾠ140	 ﾠg	 ﾠbiomass	 ﾠyr
-ﾭ‐1	 ﾠ(~1.5	 ﾠx	 ﾠ10
14	 ﾠcells)	 ﾠat	 ﾠChowder	 ﾠHill	 ﾠ(volume	 ﾠ=	 ﾠ109,900	 ﾠcm
3),	 ﾠ16	 ﾠg	 ﾠ 393	 ﾠ
biomass	 ﾠyr
-ﾭ‐1	 ﾠ(~1.7	 ﾠx	 ﾠ10
13	 ﾠcells)	 ﾠat	 ﾠNeedles	 ﾠ(volume	 ﾠ=	 ﾠ5495	 ﾠcm
3),	 ﾠand	 ﾠ2.1	 ﾠg	 ﾠbiomass	 ﾠyr
-ﾭ‐1	 ﾠ(~2.2	 ﾠx	 ﾠ 394	 ﾠ
10
12	 ﾠcells)	 ﾠat	 ﾠDead	 ﾠDog	 ﾠ(volume=12560	 ﾠcm
3).	 ﾠ	 ﾠWhile	 ﾠthese	 ﾠvalues	 ﾠmay	 ﾠbe	 ﾠsmall	 ﾠin	 ﾠcomparison	 ﾠto	 ﾠ 395	 ﾠ
global	 ﾠestimates	 ﾠof	 ﾠchemoautotrophic	 ﾠbiomass	 ﾠproduction	 ﾠon	 ﾠthe	 ﾠglobal	 ﾠridge	 ﾠsystem	 ﾠ(10
10	 ﾠ-ﾭ‐	 ﾠ 396	 ﾠ
10
13	 ﾠg	 ﾠof	 ﾠbiomass	 ﾠyr
-ﾭ‐1	 ﾠ;McCollom	 ﾠ&	 ﾠShock	 ﾠ1997;	 ﾠBach	 ﾠ&	 ﾠEdwards	 ﾠ2003),	 ﾠthe	 ﾠsulfide	 ﾠproduced	 ﾠby	 ﾠ 397	 ﾠ
these	 ﾠheterotrophic	 ﾠsulfate	 ﾠreducers	 ﾠcould	 ﾠrepresent	 ﾠup	 ﾠto	 ﾠ3%	 ﾠof	 ﾠthe	 ﾠH2S	 ﾠflux	 ﾠfrom	 ﾠMiddle	 ﾠ 398	 ﾠ
Valley	 ﾠdeposits	 ﾠ(given	 ﾠpreviously	 ﾠpublished	 ﾠvent	 ﾠfluid	 ﾠflow	 ﾠrates	 ﾠfrom	 ﾠthe	 ﾠMain	 ﾠEndeavor	 ﾠfield,	 ﾠ 399	 ﾠ
(Wankel	 ﾠet	 ﾠal.	 ﾠ2011)).	 ﾠAdditional	 ﾠrate	 ﾠmeasurements	 ﾠthat	 ﾠrepresent	 ﾠthe	 ﾠdiversity	 ﾠof	 ﾠphysico-ﾭ‐ 400	 ﾠ
chemical	 ﾠconditions	 ﾠfound	 ﾠwithin	 ﾠdeposits	 ﾠor	 ﾠridge	 ﾠsystems	 ﾠare	 ﾠnecessary	 ﾠto	 ﾠbetter	 ﾠconstrain	 ﾠ 401	 ﾠ
the	 ﾠcontribution	 ﾠof	 ﾠheterotrophic	 ﾠsulfate	 ﾠreducers	 ﾠto	 ﾠglobal	 ﾠvent	 ﾠbiomass	 ﾠand	 ﾠgeochemistry.	 ﾠ 402	 ﾠ
Hydrothermal	 ﾠ vents	 ﾠ are	 ﾠ dynamic	 ﾠ environments	 ﾠ where	 ﾠ carbon	 ﾠ and	 ﾠ sulfur	 ﾠ cycling	 ﾠ are	 ﾠ 403	 ﾠ
intimately	 ﾠlinked.	 ﾠBoth	 ﾠautotrophic	 ﾠand	 ﾠheterotrophic	 ﾠsulfate	 ﾠreducing	 ﾠmicrobes	 ﾠhave	 ﾠbeen	 ﾠ 404	 ﾠ
isolated	 ﾠfrom	 ﾠvents,	 ﾠand	 ﾠthe	 ﾠdata	 ﾠshown	 ﾠhere	 ﾠare	 ﾠamong	 ﾠthe	 ﾠfirst	 ﾠto	 ﾠconstrain	 ﾠthe	 ﾠpotential	 ﾠfor	 ﾠ 405	 ﾠ
heterotorophic	 ﾠsulfate	 ﾠreduction	 ﾠat	 ﾠvents	 ﾠ(in	 ﾠparticular	 ﾠthose	 ﾠwith	 ﾠhigher	 ﾠorganic	 ﾠcarbon	 ﾠloads),	 ﾠ 406	 ﾠ
as	 ﾠwell	 ﾠas	 ﾠthe	 ﾠrelationship	 ﾠbetween	 ﾠsulfate	 ﾠreduction	 ﾠrates,	 ﾠtemperature,	 ﾠmicrobial	 ﾠbiomass	 ﾠ 407	 ﾠ
and	 ﾠcommunity	 ﾠdensity	 ﾠand	 ﾠcomposition.	 ﾠThese	 ﾠdata,	 ﾠas	 ﾠwell	 ﾠas	 ﾠthe	 ﾠvent	 ﾠfield	 ﾠestimates	 ﾠof	 ﾠ 408	 ﾠ19	 ﾠ
	 ﾠ
sulfate	 ﾠreduction,	 ﾠ,	 ﾠunderscore	 ﾠthe	 ﾠrelevance	 ﾠof	 ﾠsulfate	 ﾠreduction	 ﾠin	 ﾠhydrothermal	 ﾠecosystems	 ﾠ 409	 ﾠ
and	 ﾠfurther	 ﾠindicate	 ﾠthe	 ﾠneed	 ﾠfor	 ﾠcontinued	 ﾠstudies	 ﾠof	 ﾠsulfur	 ﾠcycling	 ﾠalong	 ﾠridge	 ﾠsystems.	 ﾠ	 ﾠ 410	 ﾠ
	 ﾠ 411	 ﾠ
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